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  اﻟﺨــــــــــﻼﺻـــﺔ
  
ﻚ ﺑﺪراﺳѧѧﺔ ﺣﺎﻟѧѧﺔ دارة اﻟﻨﻔﺎﻳѧѧﺎت اﻟﻤѧѧﺸﻌﺔ ﺑﺎﻟѧѧﺴﻮدان وذﻟѧѧ ٳ            أﺟﺮﻳѧѧﺖ هѧѧﺬﻩ اﻟﺪراﺳѧѧﺔ ﻟﺘﻘﻴѧѧﻴﻢ أداء 
اﻟﻤﺮآﺰ اﻟﻘﻮﻣﻲ ﻟﻠﻌﻼج ﺑﺎﻷﺷﻌﺔ واﻟﻄﺐ اﻟﻨﻮوي ﺑﺎﻟﺨﺮﻃﻮم وﻣﻮﻗﻊ اﻟﺘﺨѧﺰﻳﻦ اﻟﻤﺆﻗѧﺖ ﻟﻠﻨﻔﺎﻳѧﺎت اﻟﻤѧﺸﻌﺔ 
دارﺗﻬﻤﺎ اﻟﻴﻮﻣﻴﺔ ﻟﻜﻤﻴﺎت ﻣﻘﺪرﻩ ﻣѧﻦ ﺗﻠѧﻚ اﻟﻨﻔﺎﻳѧﺎت ٳﺑﺎﻟﺒﻼد ﻣﻦ ﺣﻴﺚ  اﻷآﺒﺮ ﺑﺴﻮﺑﺎ ﺑﺎﻋﺘﺒﺎرهﻤﺎ اﻟﻤﻮﻗﻌﻴﻦ 
ﺣﻴѧﺚ ﺗѧѧﻀﻤﻨﺖ اﻟﺪراﺳѧѧﺔ .ﻳѧﺎت وذﻟѧﻚ ﻟﺘﺤﺪﻳѧﺪ ﻣѧﺪى ﺗﻌѧﺮض اﻟﻌѧﺎﻣﻠﻴﻦ وﻋﺎﻣѧﺔ اﻟﻨѧﺎس واﻟﺒﻴﺌѧѧﻪ ﻟﻬѧﺬﻩ اﻟﻨﻔﺎ 
ﻣѧﻦ ﺧѧﻼل ﻣﺮاﺣѧﻞ ﻣѧﺎ ﻗﺒѧﻞ اﻟﻤﻌﺎﻟﺠѧﺔ واﺛﻨѧﺎء اﻟﻤﻌﺎﻟﺠѧﺔ )دارة اﻟﻨﻔﺎﻳѧﺎت ٳاﻻﺷѧﻌﺎﻋﺎت اﻟﻤﺆﻳﻨѧﺔ  وﻣﺮاﺣѧﻞ 
  (.وﺑﻴﺌﺔ اﻟﺘﺨﺰﻳﻦ،اﻟﻨﻘﻞ،وﻋﻤﻠﻴﺔ اﻟﺘﺨﻠﺺ 
ﻋﺘﻤѧѧﺪ اﻟﺒﺤѧѧﺚ ﻓѧѧﻰ ﺗﺘﺒѧѧﻊ ﻋﻤﻠﻴѧѧﺔ اﻟﻤﻌﺎﻟﺠѧѧﺔ واﻟѧѧﺘﺨﻠﺺ ﻋﻠѧѧﻰ أﺳѧѧﻠﻮب اﻟﻤﻘѧѧﺎﺑﻼت، اﻟﺰﻳѧѧﺎرات ٳ            
ﻟѧﻰ ﺗﻘﻴѧﻴﻢ  ﻋﻤﻠﻴѧﺔ اﻟﻤﻌﺎﻟﺠѧﺔ واﻟѧﺘﺨﻠﺺ واﻟﺘﺨѧﺰﻳﻦ ٳﻮﻳﺮ ﺣﻴѧﺚ هѧﺪﻓﺖ اﻟﺪراﺳѧﺔ اﻟﻤﻴﺪاﻧﻴﻪ، اﻟﻘﻴѧﺎس واﻟﺘѧﺼ 
دارة ﺗﻠѧﻚ اﻟﻌﻤﻠﻴѧﺔ رﺷѧﺎد ﺑﺎﺳѧﺘﺨﺪام أﻧﺠѧﻊ اﻟﻮﺳѧﺎﺋﻞ ٺ ﻟﺘﻠﻚ اﻟﻨﻔﺎﻳѧﺎت اﻟﻤѧﺸﻌﺔ، وﻣѧﻦ ﺛѧﻢ ﺗﻘѧﺪﻳﻢ اﻟﻨѧﺼﺢ واٺ 
  .ﺑﺎﻟﺴﻮدان وﻣﺪى ﻣﻄﺎﺑﻘﺘﻬﺎ ﻟﻠﻤﻌﺎﻳﻴﺮ اﻟﻌﺎﻟﻤﻴﺔ
ﺤѧﺼﻮل ﻋﻠѧﻰ  ﻟﻠ)retemyevruS noitaidaR(   021-SDRﺳﺘﺨﺪام ﺟﻬѧﺎز اﻟﻔﺤѧﺺ ٳ            ﺗﻢ 
  :ﻟﻰ اﻵﺗﻰٳ ﻓﻰ ﺗﻠﻚ اﻟﻤﻮاﻗﻊ ،ﺣﻴﺚ ﺗﻢ اﻟﺘﻮﺻﻞ ﻓﻰ اﻟﺴﻨﺔﺷﻌﺎﻋﺎت  ﻣﻦ هﺬﻩ اٺاﻟﺠﺮﻋﺔ اﻟﻤﻜﺎﻓﺌﺔ
  y/vsm   ﺗﻜѧﻮن ﻓѧﻲ ﺣѧﺪود ﻟѧﻰ ﺟﺮﻋѧﺎت ﻣѧﺆﺛﺮﻩ ﺳѧﻨﻮﻳﺎ ًٳ   ﻳﺘﻌﺮض اﻟﻌﺎﻣﻠﻮن ﻓﻲ اﻟﻤﻌﺎﻣﻞ اﻟﺤѧﺎرﻩ     
ﻌﻤѧﻞ  اﻟﻴѧﻮد   ﻓѧﻲ ﻣ  y/vsm 02 وy/vsm 72.6 ﻣﺜѧﺎل ﻟѧﺬﻟﻚ ﻧﺠѧﺪ ﻓѧﻲ ﻣﻌﻤѧﻞ ﺗﻜﻨﻴѧﺸﻮم اﻟﺤѧﺎر   .0.6
دارة ﺗﻠѧѧﻚ اﻟﻨﻔﺎﻳѧѧﺎت ﻳѧѧﺴﻴﺮ ﻋﻠѧѧﻰ ﻧﺤѧѧﻮ ﺗѧѧﺸﻴﺮ ﺗﻠѧѧﻚ اﻟﻨﺘѧѧﺎﺋﺞ ﺑѧѧﺸﻜﻞ واﺿѧѧﺢ ﺑѧѧﺄن اﻟﻮﺿѧѧﻊ اﻟѧѧﺮاهﻦ ٺ .اﻟﺤѧѧﺎر
أﻣѧﺎ ﻓﻴﻤѧﺎ .  ﻣﻨﺘﻈﻤﺔةﻣﻨﺎﺳﺐ، وﻟﻜﻦ ﻻ ﺗﺘﻢ ﻋﻤﻠﻴﺔ اﻟﺠﻤﻊ واﻟﺘﺨﻠﺺ ﻓﻲ ﻣﻌﻤﻞ ﻧﻔﺎﻳﺎت ﺻﺒﻐﺔ اﻟﻴﻮد ﺑﺼﻮر 
ﺖ ﺣѧѧﺼﻴﻠﺔ ﻳﺨѧѧﺘﺺ ﺑѧѧﺎﻟﻤﻮاﻗﻊ اﻷﺧѧѧﺮى اﻟﺘﺎﺑﻌѧѧﺔ ﻟﻠﻤﺮآѧѧﺰ اﻟﻘѧѧﻮﻣﻲ ﻟﻠﻌѧѧﻼج ﺑﺎﻻﺷѧѧﻌﺔ واﻟﻄѧѧﺐ اﻟﻨѧѧﻮوي آﺎﻧѧѧ 
  . y/vsm 1ﻨﺼﺢ ﺑﻬﺎ ﻟﻌﺎﻣﺔ اﻟﻨﺎس واﻟﺘﻲ ﺗﻜﻮن ﻓﻲ ﺣﺪود اﻟﺠﺮﻋﺎت اﻟﻤﺆﺛﺮﻩ أﻗﻞ ﻋﻦ ﺗﻠﻚ اﻟﺘﻲ ُﻳ
دارة اﻟﻨﻔﺎﻳѧﺎت ﺑѧﺎﻟﻤﺮآﺰ اﻟﻘѧﻮﻣﻲ ﻟﻠﻌѧﻼج ﺑﺎﻷﺷѧﻌﺔ ٳﻟѧﻰ أن ٳﻳﻤﻜﻦ اﻟﻘﻮل ﺣﺘﻰ اﻵن ﺑﺄن ﺗﻠﻚ اﻟﻨﺘﺎﺋﺞ ﺗѧﺸﻴﺮ 
ﻤﺆﻗѧﺖ ﻟﻠﻨﻔﺎﻳѧﺎت أﻣѧﺎ ﻓﻴﻤѧﺎ ﻳﺨѧﺘﺺ ﺑﻤﻮﻗѧﻊ اﻟﺘﺨѧﺰﻳﻦ اﻟ . ﺪةﻟﻰ اﻷﻣѧﺎم ﺑѧﺼﻮرﻩ ﺟﻴﱠѧٳواﻟﻄѧﺐ اﻟﻨѧﻮوي ﺗѧﺴﻴﺮ
ذا ﺗѧﻢ اﻟﺘﺨѧﺰﻳﻦ ٳﻃﺎر اﻟﻨﺴﺐ اﻟﻄﺒﻴﻌﻴﻪ وﻳﻤﻜﻦ ﺗﺤﺴﻴﻨﻬﺎ ٳﺑﺴﻮﺑﺎ، ﻧﺠﺪ أن ﻗﻴﻢ اﻟﺠﺮﻋﺎت اﻟﻤﺆﺛﺮﻩ ﺗﺪور ﻓﻲ 
دارة ﺟﻴѧﺪة ﻟﺘﻠѧﻚ اﻟﻨﻔﺎﻳѧﺎت  ٺ ﻳﺠﺎﺑﻴѧﺎ ًٳ  ﻟﻴﻜѧﻮن ﻣﺆﺷѧﺮا ًﺑﺼﻮرﻩ ﺟﻴﺪة  ﺑﻮاﺳﻄﺔ ﺟﺪار واق ﻳﻜﻮن أآﺜѧﺮ أﻣﻨѧﺎ ً
  .اﻟﻤﺸﻌﺔ
ذات ﻣѧﺴﺘﻮﻳﺎت اﺷѧﻌﺎﻋﻴﺔ )ارة اﻟﻨﻔﺎﻳѧﺎت اﻟﻤѧﺸﻌﺔ د اﻷﺧﻴѧﺮة  ٺ اﻟﺨﻄѧﻮة             ﺗѧﺄﺗﻲ ﻣѧﺴﺄﻟﺔ اﻟﺘﺨѧﺰﻳﻦ 
  . ﻋﺎدﺗﻬﺎ ﻟﻠﻤﻮردٳﻣﺎ ﻟﻠﺘﺤﻠﻞ، او اﻟﻲ ﺣﻴﻦ  ٳ. ﻓﻲ اﻟﺴﻮدان(   ﻣﺘﻮﺳﻄﺔ-ﻣﻨﺨﻔﻀﺔ 
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 اﻟﻨﻔﺎﻳﺎت اﻟﺼﻠﺒﺔ ذات اﻷﻋﻤﺎر اﻟﻘﺼﻴﺮة اﻷﺟﻞ ﻣﺜﻞ اﻟﺘﻜﻨﻴﺸﻴﻮم و اﻟﻴѧﻮد و اﻟﻔѧﺴﻔﻮر  ﻳѧﺘﻢ اﻟѧﺘﺨﻠﺺ ﻣﻨﻬѧﺎ 
اﻟﻨﻔﺎﻳѧﺎت  ﻟﻬﺎ آﻨﻔﺎﻳﺎت ﻣﻌﻔﺎة ﺗﻄﺮح ﻓﻰ ﻣﺤﺎرق آﺎﻓﻴﺔ  داﺧﻞ اﻟﻤﺆﺳﺴﺔ اﻟﻤﻮﻟﺪة  ﺑﻌﺪ اﻟﺘﺨﺰﻳﻦ اﻻﻣﻦ ﻟﻔﺘﺮة 
  .اﻟﻌﺎﻣﺔ
  .ﺑﻌﺪ اﻟﺘﺨﺰﻳﻦ واﻟﺘﺤﻠﻞ ﻟﻰ ﺷﺒﻜﺔ اﻟﺼﺮف اﻟﺼﺤﻲ اﻟﻌﺎﻣﺔ ٳﻃﻼﻗﻬﺎ ٳ ﻳﺘﻢ اﻟﻨﻔﺎﻳﺎت اﻟﺴﺎﺋﻠﺔ
دارة اﻟﻨﻔﺎﻳѧﺎت اﻟﻤѧﺸﻌﺔ ﻓѧﻲ ﻟѧﻰ ﺣﻠѧﻮل ﻣﻨﺎﺳѧﺒﺔ ٺٳ ﻟﻠﺘﻮﺻѧﻞ  ﻣﺨﺘﻠﻔѧﺔ ﺗﻘѧﺪﻣﺖ اﻟﺪراﺳѧﺔ ﺑﺘﻮﺻѧﻴﺎت أﺧﻴѧﺮًا
 .اﻟﺴﻮدان
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Abstract 
       This study was conducted at National Center for Radiotherapy and Nuclear 
Medicine, Khartoum; and interim storage of radioactive waste at Suba, to evaluate the 
radioactive waste management practices in sudan represented in these two sites, 
because the interim storage is the only one storage in the country, and National Center 
for Radiotherapy and Nuclear Medicine NCRNM is the largest hospital (till now) 
administrating a significant amount of radioactive waste (RW) routinely, in order to 
determine the exposure of ionizing radiation to the public, workers and environment . 
The study includes hazards of ionizing radiations, classification, radioactive waste 
management (pretreatment, treatment, conditioning storage, transportation and 
disposal) and radioisotopes used in NCRNM and exist in the interim storage.  
During the study, the practice of disposal of radioactive waste was observed during 
generation and before disposal, the procedures utilized at both sites were interviews, 
site visits, hard practical work (measurements) and photography.  
The objectives of the study is the assessment of current treatment disposal and 
temporary storage of radioactive waste advising on the appropriate way of management 
of radioactive waste in the country (Sudan) and to evaluate the radioactive waste 
management system and its compliance with national and international regulations.                              
In present work doses were measured at different locations in the department of nuclear 
medicine at (NCRNM) and around interim storage at Suba. At NCRNM the locations 
were selected around the radioactive liquid and solid waste disposal positions. It was 
found that the dose equivalent value per year from radioactive wastes obtained through 
this work using the survey meter RDS – 120 at these locations are: 
In the hot laboratories, equivalent dose per year for the workers was found to be 
(6.0mSv/year), in the hot lab of Technetium-99m, and (6.27 mSv/year) in the hot lab of 
iodine waste, which is not exceeding the nationally and internationally set action level 
(20 mSv/year).This clearly indicates that, currently, the disposal and handling practices 
are appropriate, however, in the hot lab of iodine the waste is not regularly collected 
and disposed of.  
In other locations in (NCRNM), effective doses were below recommended dose limits 
for the public which is (1mSv/year) .According to the results mentioned above; we can 
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say that the management of low level radioactive waste in (NCRNM) so far is good and 
going on improving.          
At the interim storage, the values of the effective doses measured, around the storage 
were around natural background radiation so, if it is supported with a well fence, this 
will be safer and indicate good management of the radioactive waste exist there. 
The last step of low-intermediate level radioactive waste management in sudan is 
storage, either for decay or return back to the supplier, for short lived waste, release to 
the sanitary system after storage for decay (for liquid waste), and exemption after 
storage for decay for solid waste.   
Finally the study conducted with various recommendations to find a proper solution for 
radioactive waste management. 
 8
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CHAPTER ONE 
INTRODUCTION 
 
       Radiation is a part of our physical world and a fact of every day life, natural forms 
of radiation such as light and heat from the sun are essential for our survival. Artificial 
or man-made radiations such as radio waves for communication, radar for navigation 
and X-ray for medical diagnosis and treatment are parts of the modern life.                      
There are, in general two classes of radiations, ionizing and none ionizing. Ionizing 
radiation includes cosmic rays, X-rays and the radiation emitted by the decay of 
radioactive substances. It is the ionizing radiations that are of concern when we discuss 
radioactive fallout, medical radiations and nuclear power, because they can be harmful 
to human beings and people must be protected from unnecessary or excessive exposure.                
1.1 Natural and Man-Made Radiation 
       Throughout history man has been exposed to radiation from the environment, this 
natural background radiation comes from three main sources cosmic radiation, 
radiation from terrestrial sources and radioactivity in the body [1], the greatest part of 
radiation received by world's population comes from natural sources, but though 
everyone on the planet recieves natural radiation. Medicine is much the greatest source 
of human exposure from man-made radiation.  
       But during the course of evolution they have adapted themselves to live with this 
natural dose of radiation without any harmful effects, however, most of the problems of 
radioactive pollution have arisen after the man has learnt splitting the atom and thus, 
releasing the radioactivity in the environment over the natural background levels, much 
of the concern with the radioactive pollution lies in the fact that the radioactive 
substances produce high energy radiations which are harmful and capable of producing 
ionization in the bimolecular, affecting living organisms [2].  
       Though we use the radioactive isotopes for a number of beneficial uses, but even 
the beneficial uses cannot be considered free from hazards because of leaks, accidents, 
problems of disposal of radioactive wastes, and the damaging effects of long term 
exposure to low radioactivity levels. Much of the environmental radioactivity released 
from these sources ultimately reaches the aquatic bodies, including rivers, lakes, 
underground water  and oceans. A list of commonly occurring natural and man-made 
radio nuclides is provided in Table A.1. (Appendix A) [2].  
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            1.1.1 Cosmic radiation. Cosmic radiation reaches the earth from interstellar 
space and from the sun. It is composed of a very wide range of penetrating radiations 
which undergo many types of reaction with the elements they encounter in the 
atmosphere. The atmosphere acts as a shield and reduces very considerably the amount 
of cosmic radiation reaching the Earths surface [1].  
           1.1.2 Radiation from terrestrial sources. The rocks and soil of the earth's 
strata contain small quantities of the radioactive elements uranium and thorium with 
their daughter products. The concentration of these elements varies considerably 
depending on the type of rock formation. In sandstone and lime stone regions the 
concentration is much lower than in granite. Thus the dose rate from this source 
depends on the geographical location [1]. Some people get much more than others, 
doses at some places with particularly radioactive rocks or soils are much higher than 
the average, at other places are much less. Or it may result from their lifestyle, the use 
of particular building materials for houses, cooking with gas, open coal fires home 
insulation and even air travel all increase exposure to natural radiation [3].        
            1.1.3 Radioactivity in the body. The ingestion and inhalation of naturally 
occurring radio nuclides gives rise to a dose which varies considerably depending on the 
location, diet and habits of the individual concerned. Potassium – 40 ( K40 ) is naturally – 
occurring (half life 1.27 × 910 years) and contributes about 0.2 mSv/year. The dose arising 
from ingestion of foods containing trace quantities of members of the uranium and thorium 
series is about 0.17 mSv/year. A significant contribution to the radioactivity in the body 
comes from the gaseous decay products of the uranium and thorium radioactive series, 
namely radon and thorn. These gases diffuse from the rocks and soil and are present in 
easily measurable concentration in the atmosphere. They are breathed by man along with 
their decay products and are also taken up by plants and animals with the result that most 
foods contain measurable amount of natural radioactivity of ordinary foods. Cereals have a 
high radioactive content while milk produce, fruit and vegetables have low content [1]. 
            1.1.4 Current sources of man-made radiation. In addition to the natural 
background radiation, there are several other sources of human exposure which are 
peculiar to the last few decades. These sources are: diagnostic radiology, therapeutic 
radiology, use of isotopes in medicine, radioactive waste, fall-out from nuclear weapon 
tests, and occupational exposures from nuclear reactors and accelerators [1]. At present, 
medicine is the greatest source of human exposure from man-made radiation. Obviously, 
individual doses vary enormously from zero (for someone who has not even had an X-ray 
 18
examination) to many thousand times the annual average dose from natural radiation (for 
some patients who are undergoing cancer treatment) [3].   
            
1.2 Radioactive Waste  
       Radioactive waste arises from the fission of radio nuclides in reactors; and the 
respective fuel cycle operations; the use of radio nuclides in medicine, research and 
industry; decommissioning of facilities involving radioactive materials; and the extraction 
or processing of raw materials containing naturally occurring radio nuclides. The nature 
and volume of waste arising from each of these sources vary greatly. They may be 
potentially hazardous to human health and potential pollutants to the environment [4] 
consequently they need to be safely managed. Safe management involves the application 
of technology and resources in a regulated manner, in accordance with internationally 
agreed principles. So that the exposure of the public and workers to ionizing radiation is 
controlled and the environment is protected. Radioactive waste management include: 
predisposal (collection, segregation, chemical adjustment and decontamination), treatment 
operation, conditioning, storage, transportation and disposal.  
       Because radioactive wastes are generated in a number of different kinds of 
facilities and arise in a wide range of concentrations of radioactive materials and in a 
variety of physical and chemical forms, there is also a variety of alternatives for 
treatment and conditioning of the waste prior to disposal. Like wise, there are a number 
of alternatives for safe disposal of these wastes, ranging from geological disposal to 
near surface disposal and direct discharge to the environment [5]. 
 
1.3 Classification of Radioactive Wastes 
       To simplify their management, a number of schemes have evolved for classifying 
radioactive waste according to the physical, chemical and radiological properties of 
significance to those facilities managing this waste. These schemes have lead to a 
variety of terminologies, differing from country to country and even between facilities 
in the same country. This situation makes it difficult for those concerned to 
communicate with one another regarding waste management practices, causes 
problems in comparing data published in the scientific literature, and causes confusion 
among members of the public trying to understand waste management programs and 
practices of their country [5]. 
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           1.3.1 Purpose of classification. Classification of radioactive waste may be 
helpful at any stage between the arising of the row waste and its conditioning, interim 
storage, transportation and disposal. Therefore, Classification of radioactive waste will 
serve many purposes. It will help at the conceptual level, at the operational level and 
ease communication.  
a) At the conceptual level: 
         - In devising waste management strategies. 
         - In planning and designing waste management facilities.  
         - In designing radioactive waste to a particular conditioning technique or disposal 
facility.        
b) At the operational level:  
         - By defining operational activities and in organizing the work with waste.  
         - By giving abroad indication of the potential hazards involved with the various  
            types of radioactive waste.  
         - By facilitating record keeping      
c) For communication:  
            By providing words or acronyms universally understood which improve       
communication among experts from different countries, and between experts, 
generators and managers of radioactive waste, regulators and the public. 
           1.3.2 International atomic energy agency classification. Wastes can be 
classified by a variety of means related to the external exposure to radiation, the 
engender, their radionuclide content or the mobility of the radio nuclides they contain.  
The IAEA has classified wastes in a qualitative way into five categories for the purpose 
of disposal: - 
1. High-level, long-lived wastes. 
2. Intermediate-level, long-lived wastes.  
3. Low-level, long-lived wastes.  
4. Intermediate-level, medium-lived wastes.  
5. Low-level, short-lived wastes. 
For category (1) waste the activity concentration is so high that cooling is required to 
remove decay heat from the waste and extensive radiation shielding for protection 
against its ionizing radiation; the wastes require deep repositories for disposal. Spent 
fuel and waste from reprocessing are high level waste. 
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Category (2) waste will require deep repositories for safe disposal, some sealed 
radiation sources notably (Radium-226) and (Americium-241) will normally belong to 
category (2) and thus require deep underground repositories. 
Category (3) is defined as Intermediate beta/gamma, insignificant alpha, intermediate 
radio toxicity and low heat output.  
Category (5) is defined as Low beta / gamma, insignificant alpha, low radio toxicity 
and insignificant heat output. Both categories (3) and (5) are suitable for shallow 
ground disposal   Category (4) can be disposed of in shallow ground [5]. 
 
1.4 Radioactive Waste in Sudan 
       Radioactive waste in Sudan is generated due to the use of radioactive materials in 
medical, research, agriculture and at recent years in industrial sectors. The waste of the 
industry return back directly to the supplier from it is place of use [6]. Sudan Atomic 
Energy Commission (SAEC) is the responsible body of all sources which enter or leave 
the country. Sudan Atomic Energy Commission (SAEC) with the assistance of 
International Atomic Energy Agency (IAEA) built in Suba (south-east Khartoum) 
storage for low and low- intermediate radioactive waste. There is no complete disposal 
of the waste in Sudan; the last step is storage, either for decay or until return back to the 
country of origin. The radioactive sources used in agriculture are almost neutron 
sources, after their use they are sent to SAEC or returned back to the supplier. So the 
significant amount of radioactive waste generate in Sudan from the medical sector, 
therefore this sector has been chosen for the study represented in National Center for 
Radiotherapy and Nuclear Medicine (NCRNM) as case study. In the (NCRNM) there 
are many sources of radioactive waste, such as: 
a) Radioactive materials, which emit gamma and beta rays such as Iodine – 131(I-
131). 
b) Radioactive materials, which emit gamma rays such as Technetium-99m (Tc–
99m).  
c) Radioactive materials which emit beta rays such as phosphorus – 32 (P-32).                      
       Most of radio nuclides in nuclear medicine department are short lived (the max 
half-life is 14 days) and in low or medium concentrations. 
From around the country radioactive wastes have been collected in the interim storage 
at Suba by SAEC, there is about 31 sources (when visit was made) emitting different 
types of radiations (gamma, beta, alpha, neutrons), The radio nuclides are: Strontium-
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90 (Sr – 90), Cesium-137 (Cs – 137), Cobalt-60 (Co – 60), Iodene-129 (I – 129), 
Radium-226 (Ra – 226), Am – Be (neutron source), Iridium – 192(Ir – 192).        
1.5 Objectives of the Study  
a) Identify the sources of radioactive waste in the Sudan. 
b) Assessment of current treatment, disposal and temporary storage of radioactive 
waste in NCRNM and interim storage at Suba  
c) To provide recommendations for efficient and economical collection, treatment, 
storage, conditioning and disposal of waste; and to ensure that the system is 
reliable now and for the foreseeable. 
d) Reducing the generation of radioactive waste to as low as reasonably achievable 
by suitable design, and operation of the facility. 
e) Advising on the appropriate way of management of radioactive waste generated 
in the country (Sudan).                                                                 
f) Evaluating the radioactive waste management system and its compliance with 
national regulation and international recommendation.   
g) Establishing proper system for the waste management. 
 
  1.6 Thesis Writes Up 
This thesis is composed of five chapters. Chapter one is an introduction. which include 
main topics talks about natural and man-made radiation including Cosmic radiation, 
Radiation from terrestrial sources, Radioactivity in the body and Current sources of 
man-made radiation (diagnostic radiology, therapeutic radiology, use of isotopes in 
medicine, radioactive waste, fall-out from nuclear weapon tests, and occupational 
exposures from nuclear reactors and accelerators), then Radioactive Waste arises, 
volume and nature, Classification and special reference of Radioactive waste in Sudan. 
And at last, mention of the Objectives of the Study, Area of the Study Source of Data 
Collection and Period of the Study.   
Chapter two is background. which represent an approach to radioactive waste 
management, it contains main concepts about radiation and radioactivity (definitions 
and units), hazards of ionizing radiation (ionization, Interaction of Radiation With 
Matter, Mechanism and Biological Effects of Radiations, Radio toxicity), Physico-
Chemical Composition, Basic Steps in Radioactive Waste Management (Pretreatment 
(Collection, Segregation, chemical adjustment, decontamination),Treatment operation 
(volume reduction,  Removal of radio nuclides from waste, Change of composition), 
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Conditioning, Storage transportation and disposal), Responsibilities and regulations, 
Radiation protection guidance for radioactive waste disposal, Important radiation 
protection concepts (time, shielding and distance), Medical Waste Characteristics, The 
Present Situation in the Nuclear Medicine at National Center for Radiotherapy and 
Nuclear Medicine NCRNM (Radioactive substances used, and generating waste, 
segregation and characterization, Disposal, Occupational safety), the present situation 
in the Interim storage of radioactive waste at Suba .    
Chapter three is methodology. This chapter handles the methods used for data 
collection (site visits, practical work (measurements), interviews, and photography), 
procedures and the articles used. 
Chapter four results and discussion, this chapter shows the results of the measurements 
of wastes in nuclear medicine department (Tc-99m, I-131 solid waste, liquid waste, 
measurements at different locations in NCRNM, interim storage of radioactive waste at 
Suba, and calculations and discussion of the results. 
Chapter five presents the conclusion and recommendation. 
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CHAPTER TWO 
BACKGROUND 
 
2.1 Introduction 
       It was found that a few naturally occurring substances consist of atoms which are 
unstable, that is they undergo spontaneous transformation into more stable product 
atoms. Such substances are said to be radioactive and the transformation process is 
known as radioactive decay. Radioactive decay is usually accompanied by the 
emission of radiation in the form of charged particles (alpha, beta) and gamma rays.  
        The alpha radiation consists of helium nuclei which consist of two protons and 
two neutrons, with mass of 4u and caries two units of positive charge [1].  
Alphas are easily shielded and do not constitute an external exposure hazard, however, 
alpha-emitting radioisotopes taken internally may be quite hazardous) The range of 
alphas is about 5.2 cm in air and about 0.05 mm in tissue [3]. 
       Beta particle consists of high speed electrons which originate in the nucleus, with a 
mass of 1/1840 U and carry one unit of negative charge. another type of beta radiation 
consist of particles of the same mass as the electron but having one unit of positive 
charges, and is known as positron radiation [1]. Beta is emitted by most radioisotopes. 
It is stopped by about one-half inch of wood, plastic,   water, tissue, etc. Therefore, 
patients who have received radioactive material that gives off only beta radiation do not 
become an external radiation hazard to nurses or others. Problems may arise, however, 
due to contamination of bedding, dressings, etc. Radioisotopes that emit only betas 
include radioactive phosphorus (P-32) and tritium (H-3) [7]. 
    gamma radiation have no mass or charge, It belongs to a class known as 
electromagnetic radiation, which consist of quanta or packets of energy transmitted in 
the form of a wave motion. The energy is inversely proportional to the wave-length.  
                        E α 1/λ                                                     (2.1) 
Where: 
 E is the energy of the quantum or photon of electromagnetic radiation. Its unit is 
electron volt. 
 λ is it's wave length (in meters). The wave length of electromagnetic radiation varies 
over a very wide range, as illustrated in Table (2.1) [1]. It can penetrate through many 
inches of iron, wood, concrete, water, etc. Patients who have received large doses of 
 24
radioactive material that emit gamma rays (for example, in undergoing some therapy 
procedures) may be a source of exposure to nurses and others. The gamma-emitting 
radioisotopes used therapeutically in medicine as sealed sources include iodine (I-125), 
cobalt–60(Co-60), iridium (Ir-192), palladium (Pd-103), and cesium (Cs-137), and as 
unsealed sources, I-131 [3].  
 All electromagnetic radiations travel through free space with the same velocity of light 
(3× 810 m/s). Their velocity decreases in dense media but for air the decrease is 
negligible [1]. 
 
 Table (2.1)   Some Values Show the Range of Wave Lengths.  
Type of radiation Visible light X-Ray 50 Kev energy X-Ray 1Mev 
Wave length, λ 
(meters) 
10-6 to 10-7 2.5 *10-11 1.2 * 10-12 
  
 
       X- Ray belongs to the electromagnetic group of radiations like light, radio waves 
and gamma rays. They have no mass or charge, but have wave lengths which depend 
on their energy. X-rays are similar in nature to gamma rays, but are emitted by x-ray 
machines and some radioisotopes (I-125 for example). Two kinds of x-ray machines 
are found in hospitals, diagnostic units and therapy units. The penetrating power of x-
rays from isotopes and diagnostic units is generally modest in tissue, and quite low in 
lead. Therapy machine x-rays, depending on energy setting, may be extremely 
penetrating, depending on the type of machine. The useful beam of diagnostic and 
therapeutic x-ray machines is restricted by a cone or an adjustable collimator. All 
permanent installations of diagnostic and therapy x-ray machines are in well shielded 
rooms. Portable x-ray machines and fluoroscopic equipment may be routinely used on 
certain nursing units and in surgery. X-ray differs from γ-rays in two important 
respects. Firstly, γ-rays originate within atomic nuclei where as X-rays originate from 
changes in the electron orbits. Secondly, γ-rays from a given source have definite 
discrete energies but x-rays usually have a brood range or spectrum of energies up to 
some characteristic maximum value [1]. 
       Neutron radiation combines the penetrating power of gamma rays with the 
potential hazard of alpha rays. However, neutrons are rarely encountered in a hospital 
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environment, although high energy therapy machines may emit some neutrons. Unlike 
other types of radiation, neutrons may make other substances radioactive. The 
equipment capable of producing neutrons is found in the radiation oncology 
department. The walls of the treatment rooms shield these neutrons so they are not a 
health hazard for personnel [1]. 
  
2.2 Radioactivity and Radiation Definitions 
         Activity: The quantity A for an amount of radionuclide in a given energy state at a 
given time defined as:                                                                                                      
                       dT
dNA =                                        (2.2) 
 
Where dN  is the expectation value of the number of spontaneous nuclear 
transformations from the given energy state in the time interval dt. The old unit was the 
curie (Ci) which defined as 3.7× 1010 nuclear disintegration (dis) per second. The SI unit 
of activity is the reciprocal second (S-1) termed the Becquerel (Bq) which is defined as 
one nuclear disintegration per second [1] so: 
                       1 µCi = 37,000 Bq                                    (2.3) 
       Source is defined as anything that may cause radiation exposure, such as by 
emitting ionizing radiation or releasing radioactive substances or materials. For 
example, materials emitting radon are sources in the environment, a sterilization 
gamma irradiation unit is a source for the practice of radiation preservation of food, and 
an X ray unit may be a source for the practice of radio diagnosis. And a nuclear power 
plant is a source for the practice of generating electricity by nuclear power. A complex 
or multiple installations situated at one location or site may, as appropriate, be 
considered a single source for the purposes of application of the standards [7]                 
        Half life is the time required for one half of the nuclei of a radioactive species to 
decay [3]. 
       Occupational exposure is all exposures of workers incurred in the course of their 
work, with the exception of exposures excluded from the standards and exposures from 
practices or sources exempted the standards [7].                                                                               
       Monitoring is the measurement of dose or contamination for reasons related to the    
assessment or control of exposure to radiation or radioactive substances, and the 
interpretation of the results [7].                                                                                                            
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       Supplier is any legal person to whom a registrant or licensee delegates duties, 
totally or partially, in relation to the design, manufacture, production or construction of 
a source (An importer of a source is considered a supplier of the source).  
        Repository is a nuclear facility where radioactive waste is emplaced for disposal, 
future retrieval of waste from the repository is not intended [7].     
2.3 Quantities and Units of radiation 
           2.3.1 Radiation absorbed dose (D). Absorbed dose is a measure of energy 
deposition in any medium by any type of ionizing radiation. The original unit of 
absorbed dose was the (rad) and was defined as an energy deposition of (0.01 j / kg). In 
the SI system of units the unit of absorbed dose is called the gray (Gy) and is defined as 
an energy deposition of 1 j / kg thus:  
                       1 GY =1 J/kg =100 rad                            (2.4) 
When quoting an absorbed dose, it is important to specify the absorbing medium [1].  
            2.3.2 The dose equivalent (H). The dose equivalent concept originated from 
the observation that different types of radiation can produce different biologic effects 
for the same absorbed dose [1]. The dose equivalent is a computed type that expresses a 
measure of the biological harm imparted to tissue is defined by the following equation.                        
                        H = D Q                                                  (2.5) 
 
H is Dose equevalent in (Sv) 
D is the absorbed dose in (Gy) 
Q is a quality factor, which reflects the ability of the particular type of radiation to 
cause damage. Table (2.2) shows summary of values of Q. 
The ancient unit of dose equivalent was the rem. in the SI system of unit the unit is 
Sievert (Sv).    
 
                  Table (2.2)  Summary of Values of Q [1]. 
 
Type of radiation Quality factor (Q) 
X-rays, γ-rays and electrons 1 
Thermal neutrons 5 
Fast neutrons 20 
Alpha - particles 20 
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           2.3.3 The effective dose (E). The effective dose is the some total of such 
weighted equivalent doses for all exposed tissues in an individual.  
                       tt DQWHWE ==                                    (2.6) 
 tW  is called tissue-weighting factor that some equivalent dose can produce different 
effects on different organ [1] Table (2.3) shows summary of values of tW .  
 
                  Table (2.3) Tissue Weighting Factors [1]. 
  
 
 
 
 
 
 
 
    
            
           2.3.4 Electron volt.  Radiation energy is expressed in electron volts (ev). One 
(ev) is the energy gained by an electron in passing through an electrical potential of one 
volt [1].  
           2.3.5 Dose and Flux. In controlling the radiation hazards it is usually necessary 
to know the rate at which the radiation is being received. Dose equals dose rate 
multiplied by time. Dose equivalent rate in (Sv/h) and absorbed dose rate in (Gy/h). 
Flux (Ф) is the number of particles or photons crossing an area of one squire meter in 
one second.  
          
2.4 Ionization  
       The process by which a neutral atom acquires appositive or a negative charge is 
known as ionization. Removal of an orbital electron leaves the atom positively charged, 
resulting in an ion pair. The stripped electron, in this case, is negative ion and the 
residual atom is the positive ion. In some cases, an electron may be acquired by a 
natural atom and the negatively charged atom then becomes the negative ion [8]. 
Charged particles such as electrons, protons and particles are known as directly 
Tissue tW  
Gonads 0.25 
Breast 0.15 
Real bone marrow 0.12 
Lung 0.12 
Thyroid 0.03 
Bone surfaces 0.03 
Remainder 0.30 
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ionizing radiation provided they have sufficient kinetic energy to produce ionization by 
collision as they penetrate matter. The energy of the incident particle is lost in a large 
number of small increments along the ionization track in the indium, with an occasional 
interaction in which the ejected electron receives sufficient energy to produce a 
secondary track of its own, known as γ ray. If, on the other hand, the energy lost by the 
incident particle is not sufficient to eject an electron from the atom but is used to raise 
the electrons to higher energy levels, the process is termed excitation. The uncharged 
particles such as neutrons and photons are indirectly ionizing radiation since they 
liberate directly ionizing particles from matter when they interact with matter. Ionizing 
photons interact with the atom of a material or absorber to produce high speed electrons 
by three major processes: photoelectric effect, compton effect, and pair production [8].  
                               
2.5 Interaction of Radiation with Matter 
       Electrical charges (alpha particles, electrons, and positrons) have a high probability 
of interacting with the matter through which they move. Their mass and electrical 
charges interact with the mass of nucleus and electrical charge of atoms. In addition, 
the kinetic energy of these particles, along with the properties of the surrounding matter 
determines how the particles, will interact and how far these particles will travel. The 
density of matter, its atomic number, and its mass number influence the type and 
probability of these interactions [8]. 
           2.5.1 Interaction of charged particles with matter. Alpha and beta particles 
lose energy mainly through interactions with atomic electrons in the absorbing 
medium. The energy transferred to the electrons causes them either to be excited to a 
higher energy level (excitation) or separated entirely from the parent atom (ionization) 
[1].  
       The interaction of negatively beta particles in the proximity of the nucleus of an 
atom results in attraction to the positively charged nucleus. As a result for that 
interaction, there is a release of energy as X-rays, called Bremstrahlung radiation. 
Bremstrahlung interactions in probability with materials that have a high atomic 
number (Z). A beta particle emitting radionuclide should not be shielded with material 
of high atomic number (Z), example P-32. It is more appropriate to use a shielding 
material of low Z, such as plastic, since Bremstrahlung interactions are likely to occur 
[1]. 
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        Alpha particles travel relatively slowly through matter. They lose their energy 
very rapidly and only travel very short distances in dense media.      
            2.5.2 Interaction of photons with matter. Electromagnetic radiation is far 
more penetrating in matter than Particulate type of radiation. For photons with energies 
associated with X Rays and gamma rays, three types of interactions occur: 
photoelectric effect, Compton, and pair production. 
 
        Photoelectric effect is an interaction that takes place between an incident photon 
and an inner orbital electron. The energy range is between several KeV to 0.5 Mev. In 
this interaction an ion pair has been formed with releasing of characteristic X-rays. The 
photoelectric effect is predominant at low γ energy levels and high values of Z Fig (2.1) 
[8]. 
       Compton scattering is an incomplete absorption of gamma rays or scattering of 
gamma radiation. The compton effect involves an inelastic interaction of photon with 
outer orbital electrons; the range of the energy is between several KeV to several MeV. 
The secondary effect of this interaction is the production of compton electron and 
scatter photon Fig (2.1). The probability of Compton Effect varies linearity with Z and 
does not depend strongly on the γ energy. 
 
         Pair production is an interaction produced when photon energy greater than 1.02 
MeV passed near the high electric field of nucleus. The secondary effect of this 
interaction is production of positron, electrons and annihilation photons Fig (2.1) [8]. 
 
2.6   Mechanism and Biological Effects of Radiations    
         Different mechanisms are usually involved by different kinds of radiations for 
ionization in molecules. As the alpha particles pass through the absorbing material, 
their positive charge attracts the electrons of the atoms in molecules, leading to the rise 
in their energy levels. This in many cases forces the electrons completely out of the 
atoms and brings about the ionization in the molecules. In case of beta particles, as they 
pass through the electron orbital the force of repulsion between the two increases the 
energy level of the electrons and pushes them to the higher energy orbital or completely 
out of the atom. Beta ionizations are usually encountered less frequently than the alpha 
ionizations.  
 30
 
                    (A)                   
 
                     (B) 
                       
                     (C)          
(A) Photoelectric Effect 
(B) Compton Scattering 
(C) Pair Production 
 
                   Fig (2.1)   Interaction of Photons with Matter 
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       The ionization mechanism in case of gamma rays involves a direct collision with 
orbital electrons, due to which they are ejected free of their respective atoms. The net 
result of radiation on the molecules and atoms is in the formation of positive ions and 
free electrons [2]. Gamma radiation, especially that having high energy, can be 
absorbed by the nucleus, resulting in the release of neutrons. Any atom or molecule in 
biological material can be ionized by the radiation. Water normally constitutes more 
than 80% of most tissues and, therefore, is more liable to get ionized with the formation 
of various radicals and other compounds. These new chemical species, formed after 
ionization of water. Possess great properties of oxidation or reduction, and readily 
interact with the biological molecules, some important steps of ionization of water and 
associated reactions are given below: 
−+ +→+ eOHradiationOH 22              (2.6) 
−− →+ OHeOH 22                                 (2.7) 
•++ +→ OHHOH 2                              (2.8) 
−•− +→ OHHOH 2                                (2.9) 
22OHOHOH →+ ••                            (2.10) 
•• →+ 22 HOOH                                    (2.11) 
222 OHHHO →+ ••                               (2.12) 
The •OH  free radical is short of one electron to form it stable −OH  ion, hence, it is 
hungry for an electron and acts as strong oxidizing agent. On the other hand, hydrogen 
free radical 
•
H wants to loose its sole electron to form stable +H  ion and, therefore, is 
a strong reducing agent. Because of the formation of these •OH and 
•
H free radicals 
along with the others like •2HO , and 22OH  many oxidizing and reducing reactions 
occur in the biological molecules with the further formation of more free radicals 
and/or oxidized molecules in living systems. 
                       222 OHRHORH +→+ ••                       (2.13) 
                       OHROHORH 22 +→+ •                       (2.14) 
                       OHROHRH 2+→+ ••                        (2.15) 
  Besides, these free radicals may also interact with the double bonds, hydrogen bonds 
and groups (-SH) present in proteins, DNA, RNA and other bio molecules. In some 
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cases, the free neutrons when absorbed in the body can transmute some elements into 
others as follows: 
                        γα ++→+ AlnP 2831                            (2.16) 
      β+→ SiAl 2828                                       (2.17) 
The net results of these various kinds of interactions are deactivation of enzymes. And 
destruction of nucleic acids and other biologically active molecules in living tissues. 
Which are often manifested in inhibition of cell division, disruption of cell membranes 
and overall damage to the cell performance. This can finally damage the biological 
tissues and result in the death or mutagenic effects. Table (2.4) shows human responses 
to some radiation doses in short span of time. 
 
Table (2.4) Human Responses to the Various Radiation Doses Given in Short Span of 
Time [2]. 
Radiation  
Dose (Rads) 
Human Responses 
650 or above Death in few hours. 
400 30 days LD50 (Death of 50% humans within 30 days).  
 
100 to 250 
Sub lethal dose, causes nausea, vomiting and diarrhea within hours, 
itching, burning and ulceration of skin, loss of hair, hemorrhages just 
below skin, decline of red and white blood corpuscles and loss of 
ability to fight diseases, genetic, mutations. 
Less than 100 Delayed effects such as cancer, leukemia, sterility, cataracts and 
reduction of life span, genetic mutations.  
 
 
 
2.7   Radio toxicity  
        Toxic wastes are poisons, even in very small or trace amounts. Some may have 
acute or immediate effect on humans or animals, causing death or violent illness. 
Others may have a chronic or long-term effect, slowly causing irreparable harm to 
exposed persons. Certain toxic wastes are known to be carcinogenic, causing cancer 
(some times many years after initial exposure). Others may be mutagenic, causing 
biological changes in the children or offspring of exposed people and animals. Fig (2.2) 
shows radiotoxicity of some elements [2]. 
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Fig (2.2)   Radio toxicity of some radionuclides [2 
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2.8   Radioactive Waste 
         Radioactivity cannot be destroyed. It will decay eventually, but in view of the 
very long half-life of many radio nuclides, it is not always practicable to await the 
decay of radioactive material [1].There is three general approaches to the management 
of radioactive wastes: 
(a) Release and dispersal into the environment. 
(b) Storage. 
(c) Disposal. 
Generally radioactive waste classified into high level waste, intermediate level waste 
and low level waste. The term high-level waste (HLW) is usually reserved for the 
raffinate from the first extraction cycle in a fuel reprocessing plant. This stream 
contains 99% or more of the fission product activity and much of the alpha-emitting 
higher actinides. The specific activity of this waste is so high that it generates 
significant heat and special provision has to be made for cooling. Initially, the waste is 
stored as a liquid in high integrity tanks with multiple cooling systems and located 
inside massive concrete shielded cells. After a delay of a few years to allow some of the 
shorter-lived activity to decay, the waste is vitrified, which means that it is incorporated 
into large glass blocks in stainless steel canisters, the waste is then in suitable form for 
safe storage for an extended period. The term Intermediate level waste (medium level 
waste) is waste which, because of its radio nuclides content requires shielding but 
needs little or no provision for heat dissipation during its handling and transportation. 
 
2.9   Physico-Chemical Composition   
        According to its physical and chemical form and composition, the radioactive 
waste shall be classified using the following categories: 
1. Solid waste.  
2. Liquid waste.  
3. Biological waste. 
4. Gaseous waste. 
5. Spent sealed sources. 
            2.9.1 Solid waste.  Solid wastes are typically classified as: 
- Combustible / non-combustible waste. 
- Compactable /non-compactable waste. 
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Generally, it contains relatively low levels of radioactivity. Solid waste contains mainly 
of: 
a) Technetium generators which contain the Molybdenum (T 2/1 = 66 hours). 
b) Contaminated packaging equipment: flasks, metal box. Lead container, 
c) Bed linen and contaminated clothing from the hospital environment, general 
(some fraction of mill curies). 
d) Material contaminated syringes, needles, gloves, overshoes, plastic sheets and 
bag, glass, masks, filters, paper wipes [9]. 
            2.9.2 Radioactive liquid waste. Various approaches are used in the 
management of radioactive liquid wastes. Where the level of radioactivity is very low, 
liquid wastes can often be discharged either as a trade waste to sewers or directly into a 
river or lake, or into coastal waters. A period of storage might be worth while in order 
to allow decay of relatively short-lived radio nuclides. In this case, a number of delay 
tanks are provided and when one is full it is isolated until the activity has decayed to an 
acceptable level of release. Before discharge the contents of the tank are stirred, 
sampled and analyzed to confirm that it is within the prescribed activity limits.  
Liquid wastes of higher specific activity may be treated by ion-exchange, evaporation 
or chemical treatment. These processes result in the concentration of the radioactivity 
from the liquid waste into a much smaller volume of residue or sludge which may be 
suitable for conversion into a solid waste for storage or disposal. The effluent from the 
process would normally be of sufficiently low activity to permit its discharge. 
Discharge to sewers is a very convenient method where both the volume and specific 
activity are low but it is strictly controlled. The main considerations are that sewage, 
sewers walls and sewage works become contaminated, resulting in a hazard to sewage 
workers. In addition sewage sludge is often used as a fertilizer and, if it is 
contaminated, could result in contamination of crops. 
            2.9.3 Biological waste. The Biological waste at hospital and research facilities, 
are: 
a) Contaminated   blood or tissues and organs.  
b) Animal carcasses.  
This biological waste can be potentially infectious. 
             2.9.4 Radioactive gaseous waste. Releases of gaseous or air borne particulate 
radioactivity to the atmosphere present more direct exposure path way than other forms 
of disposal and with a few exceptions, such as the noble gases, the discharge limits are 
 36
quite low. The exposure pathways include external irradiation, inhalation and ingestion 
by various routes. The general philosophy is to reduce the activity being released to 
atmosphere as far as practicable and then to release it in such a way as to obtain 
adequate dispersal. 
            2.9.5 Spent sealed sources. The radioactive sources are said to be spent when 
their activities have decayed to the extent that they are no longer suitable for their 
original purpose, a large number of spent radiation sources exist all a round the world. 
The number is in the developed countries, but also in the developing countries there are 
thousands of spent sources. The preferred option to reduce the risks for accidents with 
spent radiation sources is their conditioning including embedding in a matrix, usually 
cement mortar. 
 
2.10 Basic Steps in Radioactive Waste Management 
       The waste should be characterized in order to determine it. The basic steps are (for 
the short and long lived waste generation): 
            2.10.1 Pretreatment. It means any or all operation prior to waste management 
such as: 
a) Collection. 
b) Segregation. 
c) Chemical adjustment. 
d) Decontamination.  
            2.10.2 Treatment operation. Operations intended to benefit safety and/or 
economy by changing the characteristics of the waste. The basic treatment steps are: 
a) Volume reduction  
b) Removal of radio nuclides from waste 
c) Change of composition    
             2.10.3 Conditioning. Conditioning involves these operations that convert 
radioactive waste (RW) into a form that is more suitable for handling, transportation, 
storage and disposal. The operations may include immobilization of radioactive waste in 
concrete, placing the waste in suitable containers, and providing additional packaging 
[3] Immobilization involves the conversion of waste to solid forms that reduce the 
potential for migration and dispersion of radionuclide from the wastes by natural 
processes during storage, transport and disposal. 
Immobilization processes involve the uses of various non radioactive matrices such as: 
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a) Cement. 
b) Bitumen. 
c) Polymers. 
The potentialities of these matrices are given in the below: 
1) Immobilization in cement:  
       Use of cement for immobilization of radioactive wastes is wide spread and a 
number of variants of cement were used for this purpose:- 
a) Ordinary Portland cement (OPC). 
b) Blast Furnaces Slay (BFS). This is generally blended with OPC. 
c) Pulverized Fuel Ash (PFA), which requires activation with calcium hydroxide   
               and generally blended with OPC. 
2) Incorporation into bitumen matrix: 
        Bitumen is a mixture of high molecular weight hydrocarbon obtained as a residue 
in the refining of petroleum or coal tar. It is a range of thermoplastic materials and can 
behave mechanically as either a viscous liquid or a solid, depending on the 
thermoplastic prosperities. The incorporation of waste into bitumen relies upon the 
thermoplastic prosperities. In cooperation of waste is achieved by heating bitumen to 
liquefaction and then mixing it with the waste is cooled. The waste is mechanically 
held in the solid bitumen matrix. Another alternative is to emulsify bitumen in a solvent 
at room temperature. The waste in the active waste is removed thermo mechanically 
while mixing and the mixture solidifies as the solvent evaporates. 
3) Immobilization in polymers:  
        Extensive work has been carried out on immobilization of wastes in polymeric 
materials, however, because of its many disadvantages the methods is not frequently 
used. From the above mentioned conditioning processes, use of cement for 
conditioning as found to be the most convenient and economic method and also mostly 
used. The main reasons are the following: 
a) The radiological and industrial safety of the process. 
b) Its simplicity and the long term operation experience. 
c) Absence of secondary waste stream generated by the process. 
Conditioning is generally carried out in 200 liter steel or stainless steel drums or in 
prefabricated concrete drums or cubic shells.  
        A sealed source is defined, according to the IAEA glossary as: “A source whose 
structure is such as to prevent, under normal conditions of use, any dispersion of 
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radioactive material into the environment”. This can be achieved by either firmly 
incorporating the radioactive substances in solid and effectively inactive materials, or 
by sealing in an inactive contains or sufficient strength [3]                                   
The technology of conditioning of sealed sources is generally based on immobilization 
of the sources either in 200 liter drums or concrete shells using cement as 
immobilization matrix. 
Normal 200 liter drums are used for this purpose. Concrete shells of one meter cube are 
also used. In all cases, the sources in its cask or radiation shield is placed in the centre 
and the container is filled with cement mortar conditioning technology is suitable for 
any type of sources assuming its size (including cask and container) allows it to be 
conveniently accommodated, further the technology is simple and inexpensive [10]. 
 
            2.10.4 Storage. The placement of waste in nuclear facility where isolation, 
environment protection and human control are provided with the intend that the waste 
will be retrieved for exemption or processing and/or disposal at a later time. Since the 
half–life of most radioactive materials used in hospital is of the order of hours or days , 
storage for at least ten half–life period can be followed by disposal to the ordinary 
waste system ( with appropriate monitoring ) [7]. As storage for decay is important for 
short lived radio nuclides, interim storage represents a main component in management 
of long lived conditioned or unconditioned waste. Interim storage of conditioned waste 
is a transition step between storage and dispersal in a suitable repository. A suitable 
interim storage for such purpose is a simple engineered storage designs which can be 
matched with mechanical handling facilities. A storage capacity of at least the years 
should be considered [3].                                                                              
         A proposal interim storage facility for countries having a small nuclear research 
center is a simple hall on the ground. The storage hall should be built above ground 
water level and not be reached by a potential flood or ground water, where this is not 
possible; the building must be constructed with appropriate protective systems to 
prevent the in leakage of ground water [11]. For many of the wastes generated in 
hospitals, storage for decay is a useful option because the radionuclides have short half-
lives.  This can be done in the hospital and may include some treatment of the wastes to 
ensure safe storage.  After a sufficient storage time, the final step, disposal as exempt 
waste, can also be performed at the hospital. Other types of waste containing 
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radionuclides with longer half-lives must be transferred to a special waste treatment, 
storage and disposal facility outside the hospital [4].                                                                  
        Long-lived sealed radiation sources are usually kept in a specially protected safe 
or cabinet. The isotope cabinet is provided with a safety lock system and fire protective 
inoculation, and is for that reason thief-proof and fire safe. The cabinet doors shall beer 
a sign indicating presence of radioactive material. Although it is strongly advised to 
condition spent radiation sources as soon as possible once they are identified as spent 
radiation sources, it may not always be possible to do so, it may for example be 
necessary to collect more spent sources to be conditioned at the same time and that time 
may be extended over a few months (and in extreme cases up to years). If the storage 
time will be short, extending to a few weeks, temporary shielding can be arranged in a 
room using concrete blocks, such temporary storage needs to be marked as such, and 
should be established only in rooms with controlled access. The door (s) to the room 
shall be kept locked, and they shall beer a sign indicating presence of radioactive 
material. Storage for longer times should be done in facility or room specially 
constructed for storage of radioactive waste [12]. 
            2.10.5 Transportation. Operations and conditions associated with and involved 
in the movement of radioactive materials by any mode, on land, water or in the air.    
            2.10.6 Disposal. According to one definition, disposal is, “The emplacement of 
waste in a repository, or at a given location, without the intention of retrieval” [7]. It is 
the last step of waste management actions necessary for the safe management of 
radioactive waste. The principle of disposal is to prevent any unacceptable release of 
radioactive material to the environment from the nuclear waste, to achieve this 
requirement; the disposal system must be effective until the radio nuclides do not reach 
the biosphere in unacceptable concentrations. To achieve this goal, the following 
factors should be considered: 
1) Quantity and characteristics of wastes.  
2) Site characteristics. 
3) Natural and/or engineered barriers- institutional control. 
4) Regulatory and licensing considerations.  
Different disposal alternatives must be considered depending on the waste to be 
disposed of, however, countries without nuclear power activities are mainly producing 
short lived-low level wastes, for such wastes shallow land repositories with or without 
engineered barriers is the most suitable [10], it is convenient and recommended to have 
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one disposal site for a country with limited activities in peaceful uses of atomic energy 
and may be advantageous to have one for a number of neighboring countries provided 
agreement is obtained on legal and technical details. This could also be applicable for 
long term interim storage. Some wastes are acceptable for shallow ground disposal in 
the form in which they are generated. Many wastes will however, be reduced in volume 
for economic reasons and/or immobilized and packaged to make them suitable for 
disposal. Volume reduction immobilization is particularly important for wastes that are 
unstable or unacceptable of toxic material.  
a) Wastes containing only short-lived radionuclides, T 2/1  < 60 days, are kept at 
site for decay storage.  
b) Wastes containing medium–lived radionuclides, 60d < T 2/1  < 30 years, can be 
disposed of in shallow ground. 
c) Long-lived wastes containing radionuclides with half - lives T 2/1  > 30 years are 
disposed of under ground by other means, such as burial in rock cavities or deep 
geological formation. 
      Disposal may also include the approved direct discharge of effluents (for example, 
liquid and gaseous wastes) into the environment with subsequent dispersion. There are 
two main approaches to the disposal of radioactive waste. One is characterized as 
"dilute and disperse" and the other as "confine and contain". By the "dilute and 
disperse" concept, radioactive material, in aqueous or gaseous form, is released into the 
environment in such a way that the material is diluted and distributed over a large 
volume so that the final concentration of radio nuclides is acceptably low.  In the 
"confine and contain" approach, the waste is collected and converted into a form such 
that, when placed in a repository, it will retain the radionuclide until the activity has 
decayed, or at least will ensure that the leakage of radio nuclides from the repository 
does not give rise to unacceptable concentrations anywhere in the environment. This 
approach is always used for longer-lived solid radioactive waste.  
 
In disposal of spent sealed sources, users may have the following management options: 
1. Transfer the source to another user for application elsewhere at the current                     
activity level. 
2. Return of the spent sealed source to the original supplier. 
3. Decay storage of sources containing radionuclides with short half-live. 
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4. Collection and storage of the sources in an interim facility until a 
conditioning     facility is available. 
5. Conditioning of the sealed sources and interim storage until a repository is 
available. 
For radium sources the third option is excluded due to the long half-life of radium 
(1630 year). Among the other options, the fourth and the fifth are the only available for 
practical dealing with such sources [13]. 
 
In Shallow ground disposal site, the overall objective of the disposal of radioactive 
waste in shallow ground is to contain the wastes in such a manner that any resultant 
human exposure to radiation and any effects on the human environment are within 
acceptable limits. The site should have such characteristics as to provide sufficient 
retention of the radionuclides in order to keep the radiological impact as low as 
reasonably achievable and in all cases below authorized limits. The repository should 
be located in an area of favorable climatic, topographic, geological and hydro 
geological characteristics so that wastes will adequately isolate from the human 
environment for the period of time that they remain of radiological concern.  
The mechanical properties of soils and rocks provide information on how a particular 
repository design can be developed at the site.    
Attention should be paid in this context to excavations, construction of modules and the 
provision of adequate covers and overburdens.   
In conclusion, if none of the sites available in the sites available in the region of interest 
meets the minimum site suitability requirements, a disposal facility should be 
constructed only if appropriate engineering design features are incorporated into the 
repository and the waste form, and close attention is paid to operational procedures 
[10].     
 
 Types of shallow ground disposal: There are three types of shallow ground disposal 
1) Trenches. Trenches are the original disposal of low level wastes; they are 
constructed at depth ranging from 3 to 6 meters from the ground surface. The waste 
packages are fed into the trench and covered with about one meter of soil (backfill 
material). Disposal sites must be located in regions far enough from the population 
center. To prevent the migration of radio nuclides into the under ground water (if 
trenches are used without engineering barriers), the water table should be deeper than 
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the trench bottom and drainage must be provided so that, water does not accumulate in 
the trench. For better isolation, engineering barriers are provided as a layer of natural 
clay, concrete, or asphalt, or a combination of two or more substance. The stability of 
the area is ensured by a distance between individual trenches. A lining steel plate can 
be useful to ensure the mechanical integrity of disposal modules which can be affected 
by the meteorological conditions. 
2)   Pits. It is a specific disposal for bulky, non compactable wastes (e.g. tanks, piping, 
or large items of equipment). The packed wastes must be covered with soil or concrete.  
3) Lined shallow well and shafts: It is used for the disposal of wastes of higher 
activities or non uniform packing. Additional costs are involved due to the engineering 
barriers.  
Exemption and clearance: some radioactive waste can be exempted, or released, from 
regulatory control, because they represent a negligible radiological hazard. The 
radioactivity of materials released to the environment should be below the clearance 
levels established by the regulatory authority. The discharge or release of radioactive 
material should be monitored and recorded with sufficient detail and accuracy to 
demonstrate its compliance with the regulations. Radioactive waste containing short-
lived radionuclides should be stored for decay to the clearance levels. 
 
2.11   Policies and Strategy of Radioactive Waste 
Safety radioactive waste management requires the application of technology and 
resources in regulated manner, in accordance with internationally agreed principle, so 
that the exposure of the public and workers to ionizing radiation is controlled and the 
environment is protected. With national radioactive waste management system it is 
necessary to identify the parties involved and assign to them clear responsibilities. 
 Responsibilities of the state:-   
1) Establish and implement a legal framework. 
2) Setup a regulatory body. 
3) Define responsibilities of waste generators and operators of radioactive waste   
       management facilities.                        
4) Provide for adequate resources. 
 Responsibilities of regulatory body:- 
1. Apply and enforce compliance with legal requirements.  
2. Implement the licensing process. 
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3. Advise the government. 
 Responsibilities of waste generators and operators of radioactive waste management 
facilities:- 
1) Identify an acceptable destination for the radioactive waste.  
2) Safely manages the radioactive waste. 
3) Comply with legal requirements. 
 
2.12   Radiation protection guidance for radioactive waste disposal 
1) Low level radioactive waste is best disposed of by: 
a) The local authority refuses services for solid waste. 
b) By sewers for aqueous liquid waste. 
c) By emission to aqueous liquid waste, incineration is also an acceptable    
      method of disposal under certain controlled condition. 
2) Waste which is not suitable for local disposal may be: 
1. Returned to the manufacturer or supplier (particularly for solid sources). 
2. Buried to the under control on an approved tip. 
3. Sent to the national disposal service. 
3) If the waste contains radionuclide of short half lives, the activity can be reduced 
naturally by storage for a suitable period. The decision to store short half-live waste 
will depend on biological or fire hazards and on authorization for accumulation or 
exemption which might apply. A decision should be taken in advance a bout the 
method to be adopted for the disposal of any radioactive waste. Once it is recognized 
that a radioactive substance is considered as waste, it should be disposed of forthwith. 
4) Excreta from hospital patients containing unsealed radioactive substance should 
normally be disposed of to the sewer. Toilets should be allocated for the use of patients 
and contamination levels should be checked periodically. The drains serving these 
toilets should be regarded as drains from a radioactive laboratory and should be easily 
identified. If repairs are necessary, they should be done under supervision of the 
radiation protection supervisor. Measurements of radiation level should be made as the 
drain is opened up and appropriate precautions taken 
5) If considerable activity levels, for example, therapy doses of (I – 131), are left over 
or unused, and if the solutions are in a readily management form and of sufficiently 
short half life to render storage for decay convenient, then they should be stored until 
their activity permits disposal to the sewer [10].  
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2.13 Radiation protection  
         The International Commission for Radiological Protection (ICRP), made 
recommendations for the doses to workers and public. These recommendations were 
approved by IAEA, and become the guide for the IAEA member state. The dose limits 
are shown in Table (2.5) and (2.6). 
 
        Table (2.5) Occupational Exposure [7]. 
Category of recommendation Recommended effective dose 
equivalent 
Occupational exposure whole body 20 mSv/y 
Equivalent dose to the lens of the eye 150 mSv/y 
Equivalent dose for extremities and skin 500 mSv/y 
    
        Table (2.6) Public Exposure [7]. 
Dose category Dose  equivalent limit 
 Effective dose  1 mSv/y 
 Equivalent dose to lens of the eye  15 mSv/y 
 Equivalent dose to the skin  50 mSv/y 
 
          
For the proper implementation of the radiation protection programmed distance; time 
and shielding, should be applied. The process of radiation protection depends on:  
a) The establishment of the standards for radiation protection.  
b) The formulation of regulations and codes of practice to meat the standards.  
c) The design and operation of plants or facilities in accordance with the codes.  
d) The supervision and continuous review of the whole process. 
            2.13.1 Important radiation protection concepts. There are three important 
radiation protection concepts: Distance, Time and Shielding. 
a) Distance:  
In general, inverse square law is applied, it should be noted that this is only strictly true 
for a point source, a point detector and negligible absorption of radiation between 
source and detector, the inverse law may be written: 
                        D α 1/r2    or    D = k/r2                         (2.18) 
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                       D1 r1 = D22 r22                                         (2.19) 
D1 = the dose rate at distance r1 from the source 
D2 = the dose rate at distance r2 from the source 
It will be noted that doubling the distance from the sources the dose rate to one quarter 
of its original value, trebling the distance reduces the dose rate to one mirth , and so on 
for radiation protection purposes distance should be maximized . 
b) Time: 
 The dose accumulated by a person working in an area having a particular dose rate is 
directly proportional to the amount of time he spends in the area for radiation 
protection; the exposure time should be minimum.  
c) Shielding: 
        Generally, this is the preferred method because it results or intrinsically safe 
working conditions administrative control or time of exposure may involve continuous 
administrative control over workers. The amount of shielding required depends on the 
type of radiation, the activity of the source and on the dose rate which is acceptable 
outside the shielding material [1]. Beta radiation is more penetrating than alpha 
radiation. In the energy range which is normally encountered (1-10 MeV); beta 
radiation requires shielding of up to 10 mm of perspex for complete absorption. The 
ease with which beta sources may be shielded sometimes leads to the erroneous 
impression that they are not as dangerous as gamma or neutron sources and large open 
beta sources are often handled directly. One important problem encountered when 
shielding against beta radiation concerns the emission of secondary X-ray, which result 
from the rapid slowing down of the beta particles. This X-radiation, known as 
bremsstrahlung, the fraction of beta energy reappearing as bremsstrahlung is 
approximately ZE/3000. Where Z is the atomic number of the absorber, and E is the β-
energy in MeV. This means that beta shields should be constructed of materials of low 
mass number (e.g. aluminum or perspex) to reduce the amount of bremsstrahlung 
emitted [10].  
       Alpha particles are very easily absorbed, a thin sheet of paper is usually sufficient 
to stop alpha particles and so they never present a shielding problem. In waste 
management program attention is paid mainly to gamma rays and neutron spent 
sources, Co-60, Cs-137, Ir-192, Ra-226 and Am-241 are examples of the gamma rays 
sources often used for research and applications. 
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        Half-value layer is the half thickness or half value layer (HVL) for a particular 
shielding material is the thickness required to reduce the intensity to one half its 
incident value. The concept of half-value layer is very useful in doing rapid, 
approximate shielding calculations. 
 
            2.13.2 The system of dose limitation. In order to meet the radiation protection 
objectives, the system of dose limitation should be adopted. The system comprises 
justification, optimization and individual dose limitation. 
a) Justification of a practice:  
In order to prevent unnecessary exposure, no practice involving exposure to ionizing 
radiation shall be authorized by the relevant competent authority unless the introduction 
of the practice a positive net benefit. 
b) Optimization of radiation protection: 
The design, plan, subsequent and use operation of sources and practice shall be 
performed in a manner to ensure that exposures are as low as reasonably achievable, 
economic and social factors being taken-into account. 
c) Individual dose limitation:  
The dose equivalent to individual from all practices (excluding medical exposure as 
a patient and exposure to natural background radiation) should not exceed the 
applicable dose limits. 
d) Personal dose control: 
       Routing control of personal dose is based on a system of area classification. 
Various systems and terminologies are in use, but there is a trend towards that 
recommended by ICRP. The basic objective is to segregate areas according to the 
radiological hazard. The system of classification might consider four types of areas: 
a) Uncontrolled areas, in which the dose rate does not exceed 2.5 µSv/h. Personal, can 
work for 40 hours per week and 50 weeks per year without exceeding 5 m Sv per year.              
b) Supervised areas, in which the dose rate does not generally exceed 7.5 µSv/h hence, 
in which personal will not exceed three tenths of the dose limit. As implied by the 
name, these areas are subject to some from f supervision, and personal working 
regularly in such areas could be subject to routine personal monitoring. 
c) Controlled areas, in which the dose rate exceeds 7.5µSv/h personal working 
regularly in controlled areas are designated as category a workers and are subject to 
medical supervision and routine personal monitoring. 
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d) Restricted areas, in which the dose rate exceeds 25 µSv/h accesses to these areas, 
would be subject to special precautions, such as limitation of access time and the use of 
protective equipment and monitoring device. When operating a system of area 
classification it is necessary to survey the area regularly in order to confirm that the 
classification of the area is correct and that adequate precautions are being taken. In 
controlled and restricted areas, film badges or Thermo Luminexent Dosimeters "TLD" 
Fig (3.1) must be worn to measure the accumulated dose to the worker [3]. Where as in 
nuclear medicine simple lead pots are used from which the lids are removed for 
manipulations. Syringe shields are employed for parts of the dispensing and for patient 
injections. 
e)  
Radiation survey monitoring:  Radiation survey monitoring is carried out: 
a) During commissioning of a facility to test the adequacy of the shielding and to 
show that the radiation levels are satisfactory. 
b) Routinely, during operation, to determine the working radiation levels in order 
to control accumulated dose [3] the ideal radiation survey monitor should be 
capable of monitoring all forms of penetrating radiation, it should be portable, 
easy to use and indicate dose equivalent rate. In practice it is not possible to 
design a single instruments have been developed for different types of radiation. 
 
2.14 Radioactive Medical Waste Characteristics 
       The radioisotopes used in medicine are artificial and they are produced in the 
reactors and/or cyclotrons installed in the hospital. Radioisotopes are used in diagnostic 
and therapy. In diagnostic the use of radio nuclides for diagnostic (in vitro or in vivo) is 
characterized by the use of low activities (50 KBq to500 MBq) so, the medical waste 
has relative low levels. Most of the waste contains short lived isotopes; the most 
frequent isotopes in the medical waste are in Table (2.6).  In therapy the isotopes used 
as sealed sources and unsealed sources. The isotopes used in the radioactive sealed 
sources have often longer half lives and the activity levels would be high. 
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Table (2.7)   Most Frequent Isotopes in the Medical Waste.  
Isotope Half-life Isotope Half-life 
Tc-99m 6 hours Co-57 271.1 day 
I-123 13.2 h I-131 8 day 
In-111 2.8 day I-125 60 day 
P-32 14.3 day Cr-51 27.7 day 
Fe-59 44.5 day Co-58 70.8 day 
 
           All these substance are in liquid form [9] 
 
The most important isotopes used in the radioactive sealed sources are the following: 
1) Alpha emitters: Am-241 (T 2/1  = 433 years), Ra-226 (T 2/1  = 1600 years). 
2) Beta emitters: Sr-90 (T 2/1  = 29.1 years). 
3) Gamma emitters: Co-60 (T 2/1  = 5.3 years), Cs-137 (T 2/1  = 30 years), Ir-192 
(T 2/1  = 74 days), Ra-226 (T 2/1  = 1600 years). 
Unsealed sources used are:   
1) Gamma and beta emitter:  I-131. 
2) Beta emitters:  P-32  
                                                                                                                                                             
Patient excreta: for diagnostic patients, there is generally no need for collection of 
excreta, ordinary toilets can be used. For therapy patients there are different policies in 
different countries, either to use separate toilets equipped with delay tanks, or an active 
treatment system, or allow the excreta to be released directly into the sewage system 
[9]. 
 
 Radiation Hazard in nuclear medicine clinic: 
       Short-lived radionuclides which emit photons in the (60 – 600) keV range are 
required for diagnostic imaging. Radionuclides which emit betas are used for 
radionuclide therapy, whether systemic (administered orally or by injection) or 
intracavitary (injected). Radioactive materials used in nuclear medicine are unsealed 
sources. Unsealed sources are a hazard in two ways: 
-  External exposure to persons handling or near the source, and 
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- Potential internal exposure from contamination of the environment or person by 
leakage    of the radioactive material. 
Sealed sources used for instrument quality control (QC) can cause also external 
exposure and may require shielding to reduce the dose rate. Sealed sources should be 
leak tested annually or after accidental damage, to ensure there is no contamination 
hazard. 
 
External exposure: 
       Exposure to staff occurs mainly from radiopharmaceutical preparation, dose 
administration, and scanning patients. Exposure from most sources can be reduced by 
shielding. A guide to shielding requirements may be obtained from tables of Tenth 
Value Layer (TVL) values, which is the thickness of material which reduces the 
radiation intensity to about 10% of the unshielded value, for specified materials and 
photon energy [14].The principal source of external exposure to nuclear medicine staff 
is the patient. This is particularly true in the case of positron emitting radionuclides, 
where radioactive decay results in pairs of 511 keV photons. 
Radiation exposure from patients in waiting areas and scanning rooms can be reduced 
by distance, and by shielding of adjacent walls and workstations. When providing 
nursing care or positioning the patient for imaging, reduction of exposure depends 
mainly on working as quickly as possible. 
 
Internal exposure: 
       Internal exposure of nuclear medicine staff is very unlikely in routine practice. 
Contamination can result from spills such as: 
1. A leak during administration of a radiopharmaceutical. 
2. Body fluids from the patient, especially urine, saliva or vomits. 
3. A dropped or damaged source container, but should not be regarded as a 
normal part of day to day operation. 
Contamination can also result from airborne activity released when a vial containing an 
I-131 capsule or solution is opened. Studies have shown that inhaled Tc-99m usually 
contributes less than a few percent to a staff member’s total exposure.                              
Documentation and records: 
Various records and reports are required to be kept either because of statutory 
obligation or in accordance with a code of practice.  
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The health record is a record of all medical examinations performed on an employee. 
The records for a particular person are required to be preserved for 50 years after the 
last entry. 
The source record contains information on all radioactive sources and the dates and 
results of all leakage tests retention period, 2 years after the last entry [1].  
The regulatory body and the operators shall maintain documentation and records 
consistent with the legal requirements and their own needs. These records shall be kept 
in a condition that will enable them to be consulted and understood later by people 
different from, and possibly without reference to, those who generated the records, for 
example, in relation to waste disposal or decommissioning. This is particularly 
important in the case of computerized records. The regulatory body may choose to take 
responsibility for the long term retention of operator's record [3].  
 
 2.15 The Present Situation in Nuclear Medicine at National Center for    
          Radiotherapy and Nuclear Medicine NCRNM   
   
       In NCRNM many nuclear applications are used, so considerable amount of 
radioactive wastes (which emit different types of radiation such as gamma, beta and 
gamma and beta rays) is generating routinely. The nuclides used in NCRM as unsealed 
sources are: 
Iodine–131, Technetium–99m and Phosphorous–32. And as sealed source Cobalt–60 
and Cesium–137.  
Two hot laboratories included in the nuclear medicine which use the isotopes 
mentioned, Fig (2.3). The hot lab provided with lead wall separated with another wall 
of lead for preparation and administration of radiopharmaceuticals Fig (2.4) and the 
second part for storage of the radioactive solid waste, Fig (2.5) shows the hot lab of Tc-
99m shielded area; the work time in this lab is two hours per day daily. In the hot 
laboratory of Iodine and phosphorous (hot lab 2), the work time of this lab is two hours 
per day and three days per week, the waste include approximately about (30 – 40 
syringes, four gloves, two vials ) per week Fig (2.6) and (2.7). 
 
            2.15.1 Radioactive substances used and generated waste. The isotopes used 
are Cobalt-60 (Co-60) and Cesium-137 (Cs-137) as sealed sources. And as unsealed 
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sources Tc-99m in hot lab (1) Fig (2.5) as injection, P-32 and I-131 in hot lab (2) Fig 
(2.7) as injection,  and Iodine-131 (100 mCi) as a capsule in the isolated rooms. 
 
1) TC-99m: 
       The half life of TC- 99m is 6 hours, it emits gamma rays; the main energy of it is 
140 Kev. It is being used in many investigations such as renal scan, liver scan and bone 
scans. It used to be ordered every month two generators of activity 203 mCi at the 
reference date. Solid wastes were collected labeled and located behind lead shield in the 
hot lab Fig (2.4), these solid wastes disposed after four days (ten half-lives) [3]. The 
solid waste contains syringes, cotton, gloves and swabs. Patients order to evacuate their 
urine (liquid waste) in the common toilets. 
 
2) P-32: 
      The half–life of P-32 is 14 days, it emits beta rays, and the main energies of it are 
1710-695 Kev. It is being used for cancer treatment (with malignancy in bone). It used 
to be ordered it if there are two patient or more for treatment activity used 50mCi. After 
injection of P-32 to patient he sent home. The waste which contains syringes and swabs 
were stored with Iodine waste behind lead shield. 
 
3)  I-131: 
The half–life of I-131 is 8 days; it emits beta and gamma rays. It is used in the hot lab 
as (injection), the activity reaches (25 mCi), and as a capsule with activity (100 mCi). 
After injection of I-131 to patient he sent home.  
 
4) I-131Capsule:  
       This type of therapy is given to patients in order to treat thyroid cancer, when a 
dose greater than 1000 MBq (30 mCi) is to be given, the patient must be hospitalized 
[15]. The ioden-131 is given orally either as a solution or in capsule form, in NCRNM 
given as a capsule of (100 mCi). The material becomes absorbed into the blood stream 
and so all bodily fluids may be contaminated. The radiation exposure to worker is 
reduced by decreasing exposure to the radiation and by contamination control. Nearly 
50% of the dose given to a patient may be excreted In the first twelve hours, and this 
usually occurs via the urinary system prior to the release of the patient from the 
hospital, the patient may receive instructions regarding how to reduce exposure to 
family members. The patient in NCRNM hospitalized for about five to seven days. 
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Fig (2.3)             Building of Nuclear Medicine at NCRNM 
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            Fig (2.4) Hot Lab of Tc-99m shielded area, the waste and the area of preparing  
                           the radiopharmaceutical                                           
 
 
 
            Fig (2.5) Hot lab of Tc-99m (hot lab 1). 
 
 
 
            Fig (2.6) Elevation of hot laboratory of (I-131) and (P-32) shielded area. 
 
 54
 
 
  
       Fig (2.7) Hot lab of I-131 and P-32 (hot lab 2) solid waste behind the lead. 
 
 
The waste produced in NCRNM can be classified as follows:  
1) Spent sealed sources: 
Spent sealed sources generate in the radiotherapy section which use cobalt-60 (Co–60), 
Fig (2.8) shows Co-60 source in use and Cesium-137 (Cs-137) in the brachetherapy 
section. Generally sealed sources used for about eight to fifteen years before classified 
as spent sealed source [16] .Figure (2.10). 
 
2) Unsealed sources:    
The use of unsealed sources generate low-level solid waste, it consists of contaminated 
syringes, vials, swabs and gloves used during the preparation and administration of 
radiopharmaceuticals. 
 
3) Generators:   
Generators which generate Tc-99m from the Mo-99, it used to be ordered every month 
two generators of activity 203 mCi at the reference date, Fig (2.9) shows spent 
generators and Fig (2.4) shows generator in use at the hot lab. 
    
4) Excretion from patients undergoing (iodene-131) treatment:  
Liquid waste in NCRNM generate from the excretion of patients undergoing I-131 
treatment (the patient take a capsule of activity 100 mCi), those patients spend (5 to 7) 
days in an isolated rooms (there is four isolated rooms in the last floor in nuclear 
medicine building with private bath for each room) until the activity is low enough. 
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After five days measurements were taken in distances of 5cm and 100cm from the 
patient, if the dose is greater than 25 µSv/h and 10 µSv/h respectively, the patient 
ordered to spend another two days. And if not he sent home with some instructions. 
The patient ordered not to use a lot of water (not for drinking), so as to reduce the 
volume of liquid radioactive waste, because actual consumption of water is unknown.  
The hospital accepts two patients every two weeks, but due to different reasons, this is 
not regular, some times the number of patient per month is two or three (knowing that 
many patients were delayed). 
 
5) Gaseous waste 
        Such as ventilation exhausts from handling radioactive materials.  
2.15.2 Radioactive waste segregation and characterization. All isotopes used in the 
hot laboratories at nuclear medicine are of short half-live, the maximum one is 14 days, 
the solid waste generated in the hot lab of (Tc – 99m) collected together. 
In the hot lab of (I – 131) and (P – 32), all the waste collected together in a plastic bag 
without segregation Fig (2.7). Iodine liquid waste collected in storage tanks through a 
separate sewer.  
  
 
 
                     
                    Fig (2.8) Cobalt-60 sealed source, in use at NCRNM. 
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             Fig (2.9) Spend generators storage (on the ground beside the liquid storage 
tanks) 
 
 
 
 
 
 
                     Fig (2.10) Cobalt – 60 spent sealed sources inside the container at Suba. 
 
  
       2.15.3 Disposal of radioactive waste 
1) Spend sealed sources: 
       Return to the supplier directly from NCRNM is the most common method used for 
disposal, or transport to the interim storage at Suba, waiting for disposal Fig (2.10) and 
Fig (2.11).  
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Fig (2.11) Conditioned Cesium–137 and Strontium–90 wastes in the storage at Suba. 
 
 
2) Solid waste:   
       Since all radio nuclides used of short half-live, storage for decay is applicable [9], 
so all radioactive solid wastes generate in the hot lab collect and store behind lead 
shield waiting there for decay Fig (2.4) and Fig (2.7). After ten half-lives (three days 
for Tc-99m, eighty days for I-131) measurements were done to check the doses, if the 
waste decayed to an acceptable level then the radioactive waste treated as non 
radioactive waste and collected with the other clinical waste.  
 
3) Spent generators:  
       Spent generators which generate Tcm-99 from the Mo-99 is produced in the hot 
lab of (Tc-99m), and it used to be ordered every month two generators of activity (203 
mCi) at the reference date. When it becomes waste, it stored behind the lead (beside the 
Tc-99m solid waste), for some time then these generators stored beside ( I–131 liquid 
waste tanks) for decay Fig (2.9), when radioactivity is low enough, the lead inside it is 
reused and it should treated as non radioactive waste. 
 
4) Excretion from patients undergoing (Iodine-131) treatment: 
        There is a separate sewers net work for the four isolated rooms, collect the wastes  
into two a storage tanks each of (1m3) volume, made of concrete, they work in serial 
order. After the waste spend two weeks in the first storage tank, it passes through a pipe 
(by a motor) to the other tank of the same volume 1m3 (the two tanks are on the same 
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level on the  surface of the ground), the two tanks shown in Fig (2.12). After another 
two weeks measurements are taken on the surface of the second tank and on the pipe 
which passes the waste to the general sewer, if it is low, release to the general sewer is 
completed, elsewhere the waste will wait more for decay. Usually the waste spends 
more than month in the tanks. The solid waste (sludge) precipitate in the first tank in 
the bottom, after a long period of time (one year or two) when it accumulates, 
chemicals added to dissolve it, then it pumped with the liquid waste to the general 
sewer.    
During a practical visit to dispose the liquid waste from the second storage to the 
general sewers the reading of gamma radiation out side the tank was (5µsv/h) & the 
dose out side the first one was (10 µsv/h). The ground around the tanks was 
contaminated with beta particles; the count of beta particles was ranging from (9 Kcps 
to 12 Kcps) in this work a monitor counter used by the staff. 
Kcs = kilo count per second. 
Away about 20m away from the tanks (on the public area) the count of beta was (160 
cps), no decontamination work was done.                
            2.15.4 Occupational safety. In nuclear medicine for occupational safety, TLD 
(Thermo Luminexent Dosimeters) is used for personnel dose, checked every month for 
all the staff; syringes shielding is used during dosing the patients; simple lead pots are 
used, before injection Fig (2.13). The radiopharmaceutical is dispensed from the vial 
into a syringe, which is then placed within a well type pot to a wait injection. Common 
practice is to shield the syringe only when ready to give the injection. 
 
 
 
 
                          Fig (2.12) Liquid waste storage tanks at NCRNM. 
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                           Fig (2.13) Lead pots in the hot lab at NCRNM 
 
. 
 
 
 
                          Fig (2.14) Trefoil symbol. 
 
 
2.16 The Present Situation in the Interim Storage of Radioactive Waste at Suba 
        South east of Khartoum, at Suba lies the building of radioactive waste storage, it 
has been constructed in the beginning of this century in the year 2000. The storage 
include about (31 sources when visit was made) of different nuclides, the details shown 
in Table (2.8). Any source in the storage has its own inventory since it has been 
reached; Fig (B.1) in appendix B shows the form used. The trefoil symbol which 
indicate radiation hazard is everywhere in all the building, trefoil symbol is shown in 
Fig (2.14).         
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All the building is (1.5m) above ground level, as shown in Fig (2.15), with no fence 
around it, and there is some houses around the storage (about 12m away) and safeguard 
room (about 8m) from the storage. 
  
The building consists of three units: 
1) Interim waste store: 
The place in which conditioned sources were stored, it includes radio nuclides such as 
Cs–137 Fig (2.11), I–125 Fig (2.16), Ir–192, Ra–226, Sr–90 Fig (2.11), and neutron 
sources as shown in Fig (2.17), the details shown in Table (2.8).           
2) Radioactive waste management unit, which is a large room for preparing and 
conditioning the sources before storage.  
3) Container:  
The container adhered to the store, all the waste inside it is conditioned sealed sources 
of Co – 60 Just, Fig (2.10). 
 
 
 
 
                         
                  Fig (2.15) Interim storage building at Suba.    
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Table (2.8)  Inventory of radioactive waste which exist in the interim storage at Suba. 
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Table (2.8)  Inventory of radioactive waste which exist in the interim storage at Suba. 
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                 Fig (2.16) Iodine – 125 waste in the storage at Suba. 
                    
 
                             
                  Fig (2.17) Conditioned  Neutron source. 
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2.17 Summary   
       Radioactive waste contaminants in atmosphere, water and other elements of the 
environment are kept below the permissible limit for the different radio nuclides 
present in the nuclear waste. Damage may be caused to human beings due to irradiation 
by external sources or by the intake (ingestion, inhalation or through skin) of 
radioactive materials, their passage through the respiratory and gastrointestinal tract, 
and their partial incorporation into the body, however, the application of adequate 
radiation surveillance program (for all types of ionizing radiation) is needed to ensure 
that man will not suffer unacceptable detriment from the disposed wastes at present or 
in the future. To obtain this goal, the study must include observation of the disposal 
practice used (in the target site), measurements of doses during generation and before 
disposal, and to compare the results with nationally and internationally regulations.         
In the SI system of units the unit of absorbed dose is called the gray (Gy), for dose 
equivalent Sievert (Sv), and for activity is Becquerel (Bq). Half life is the time required 
for one half of the nuclei of radioactive species to decay,  and generally for low level 
waste storage for ten half lives of the nuclide is enough before disposal.  
Classification of radioactive wastes is high level; intermediate-level, long lived; low 
level, long lived; intermediate-level, short lived; low-level, short-lived. The wastes in 
the storage are classified as (intermediate-level, long lived) and (Low level, long lived), 
for such wastes shallow land repositories, with or without engineered barriers is the 
most suitable.  
       For many of the wastes generated in hospitals, storage for decay is a useful option 
because the radionuclides have short half-lives. This can be done in the hospital and 
may include some treatment of the wastes to ensure safe storage.  After a sufficient 
storage time, the final step, disposal as exempt waste can also be performed at the 
hospital. Important radiation protection concepts are time (should be minimized), 
distance (should be maximized), and shielding. 
In the nuclear medicine at NCRNM, radioactive substances used are Tc-99m, P-32, I-
131 and Mo-99. Radiotoxicity of the isotopes used are high radiotoxicity ( I - 131 ), 
medium radiotoxicity ( Mo - 99 ) and low radiotoxicity ( Tc - 99m ). The method of 
disposal of radioactive liquid waste in NCRNM is storage for decay and then dispose 
into the sanitary sewer system to get more dilution and distributed over a large volume 
so that the final concentration of radionuclides is acceptably low, and for solid waste; 
storage for ten half lives and exempt as non radioactive waste (medical waste), and for 
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spent sealed sources return of the source to the original supplier. About occupational 
safety ( TLD ) is used.                                
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CHAPTER THREE 
METHODOLOGY 
 
3.1 Introduction 
       Study for evaluating radioactive waste management in Sudan was carried out, 
represented in interim storage of radioactive waste at Suba (the only one in the 
country), and National Center for Radiotherapy and Nuclear Medicine NCRNM. 
Because the medical sector was found to generate the largest amount of radioactive 
waste than any other sector, NCRNM has been chosen as a case study. The study 
period was from 20\1\2005 to 20\12\ 2005. 
3.2 Methods used for data collection   
The methods used for data collection are site visits, measurements, interviews and 
photography.  
1. Site visits. Include visits to Sudan Atomic Energy Commission SAEC, for different 
reasons (interviews, library and storage of radioactive waste at Suba). 
Visits to the interim storage at Suba, for photography and measurements to check the 
exposure to gamma rays for the public and workers, whether it is within the permissible 
limits or not and to identify the sources existing there. 
Visits to National Center for Radiotherapy and Nuclear Medicine NCRNM to know the 
isotopes used and its nature and to get the truth about disposal practice used there.  
1) Practical work (measurements). Include measurements of doses at different 
distances from the waste at different locations, in NCRNM for solid waste; 
measurements were done in the day of collection (for Technetium-99m (Tc – 99m) and 
Indene – 131 (I-131) solid wastes at distances of 5cm, 50cm, and 100cm) and the day 
of disposal at distances of 5cm and 50cm. 
For liquid waste, measurements were done in the day of release to the general sewer 
from the second storage tank which contains the radioactive liquid waste from the 
isolated rooms.     
In interim storage at Suba, measurements were done around the storage (in the four 
directions at distance of one meter) and at the safeguard room, and at the nearest house.     
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2) Interviews include three interviews with the manager of the institute of radiation 
safety (Dr. Shaddad), interview with the head of radioactive waste department (Yassin) 
and interview with the head of physic department at NCRNM. 
3) Photography. Photography taken for the two sites, interim storage (building units) 
and some radioactive wastes inside it, and NCRNM (the solid waste in the two hot labs 
and the storage tanks of radioactive liquid waste). 
3.3 The Article Used and Sources of Data Collection.  
       The measurements of the doses was done by using the radiation survey meter 
(RADOS, RAD-120) shown in Fig (3.1), It is a portable radiation meter for general use 
of a wide range of applications in civil defense, industrial and laboratory use. The 
RAD-120 used in this work was calibrated by the Secondary Standard Dosimeter 
Laboratory (SSDL) OF SAEC. The calibration factor found to be (1). 
Source of data collection are: 
a) Hot laboratory of Tc-99m (hot lab (1)) in nuclear medicine department at 
NCRNM. 
b) Hot laboratory of iodene-131 (I-131) and phosphorus-32 (P-32) (hot lab (2)) in 
nuclear medicine department at NCRNM. 
c) Liquid waste storage tanks containing (I-131) at NCRNM. 
d) Interim storage of radioactive waste at Suba. 
3.4 Procedures 
       In NCRNM random samples from the bags which contain radioactive solid waste 
in the two hot laboratories chosen to check the doses, in the day of collection and day 
of disposal, then annual equivalent doses calculated and compared with international 
dose limits. For liquid waste, measurements have done in the day of release to the 
general sewer system. 
    
            3.4.1 Tc-99m measurements. The measurements were taken at 5cm, 50cm and 
at one meter from the plastic bag in the hot lab. For each collected stored solid waste 
measurement were done in the day of collection and day of disposal. 
 
            3.4.2 I-131 solid waste measurements. The measurements were taken at 5cm, 
50cm and at one meter from the plastic bag in the hot lab, for each collected stored 
solid waste measurements were done in the day of collection and day of disposal. 
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            3.4.3 I-131 liquid waste. For each discharge to the general sewer network, 
measurements of the doses were carried out on the surface of the second tank, and on 
the pipe which passes the waste to the general sewer. 
 
            3.4.4 Interim storage at suba. Surveillance has been done around the storage 
(for gamma-ray), at distance (1m), in the four directions to check the doses exposure. 
Also measurements were done for the sealed sources (Co – 60) inside the container at 
(1m) from the sources, and the dose to the nearest house (at distance of 12m from the 
storage) and the safeguard room (at about 8m from the storage) were measured. 
 
 
                               
 
                             Fig (3.1)   Radiation survey meter RADOS and TLD. 
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CHAPTER FOUR 
RESULTS AND DISCUSSION  
 
 
       This chapter describes the practice used for disposal of radioactive waste (solid and 
liquid) in NCRNM, and then presents the results of the measurements (practical work) 
done during the study in the two sites (NCRNM and storage at Suba), followed by 
discussion to these results.  
 
4.1 Disposal Practice of Radioactive Waste  
       For the wastes in NCRNM, the solid wastes (Tc-99m, I-131 and P-32) are collect 
in a plastic bag and when it is 3/4 full the bag should be tied well and information of 
date, nuclide, and responsible person is written on the bag then store behind lead shield 
in the hot lab. 
For liquid waste(I-131), the waste stay about two weeks in the first storage tank and 
then discharged to the second storage tank and wait there another two weeks (when the 
work is regular) then measurement taken before release to the general sewer. 
In the storage at suba conditioned wastes return back to the supplier or wait there for 
decay.    
 
4.2 Results of Measurements  
       Doses of the waste (solid and liquid) in NCRNM are shown below in the Tables 
from (4.1) to (4.16) and Then doses of the waste in the interim storage at Suba followed 
from Table (4.17) to (4.18). The tables composed of two columns, the first one show 
the range of doses measured, and the other one show the number of samples found 
within this range.    
      
           4.2.1 Technetium-99m (Tc-99m). Measurements of the doses from the Tc-99m 
solid waste at 5cm and 100cm from the plastic bags in the day of collection are shown 
in Tables   (4.1) and (4.2) respectively.  
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Table (4.1) Doses of TC-99m Waste Measurements of Doses from 5cm Distance in the 
Collection Day. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table (4.2) TC-99m Waste Doses from 100cm Distance in the Collection Day. 
 
Number of Samples Dose (µsv/h) 
1 8.0 – 09.00 
2 09.1 – 10.1 
2 10.2 – 11.2 
0 11.3 – 12.3 
1 12.4 – 13.4 
1 13.5 – 14.5 
1 14.6 – 15.6 
3 15.7 – 16.7 
1 16.8 – 17.8 
1 17.9 – 18.9 
1 19.0 – 20.0 
Number of Samples Dose µsv/h 
3 310 - 360 
2 361 – 411 
2 412 – 462 
1 463 – 513 
1 514 - 564 
1 565 – 615 
2 616 – 666 
2 667 – 717 
0 718 – 768  
1 718-768 
515.2 µsv/h Average 
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1 20.1 – 21.1 
14.4 µsv/h Average 
 
Table (4.3) TC-99m Waste Doses from 50cm Distance in the Collection Days to Check 
the Doses at other Distances.  
 
Number of Samples Dose( µsv/h) 
3 20.5 – 23.5 
2 23.6 – 26.6 
2 26.7 – 29.7 
1 29.8 – 32.8 
1 32.9 – 35.9 
2 36.0 – 39.0 
2 39.1 – 42.1 
1 42.2 – 45.2 
0 45.3 – 48.3 
1 48.4 – 51.4 
32.5 µsv/h Average 
 
 After collection the Tc-99m bags were stored, measurements were done to check doses 
of these bags after four days from the collection day (day of disposal) 5cm and 50cm 
distance were used for measurements. Results are shown in table (4.4) and (4.5) 
respectively.  
 
Table (4.4) Tc-99m Wastes, Reading of Doses at 5cm Distance from the Bag (After 
Storage for Four Days). 
Number of Samples Dose (µSv/h) 
2 1.9-2.9 
2 3.0-4.0 
3 4.1-5.1 
2 5.2-6.2 
1 6.3-7.3 
2 7.4-8.4 
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2 8.5-9.5 
1 9.6-10.6 
5.85(µSv/h) Average 
Table (4.5) Tc99m Wastes, Reading of Doses at (50cm) Distance (After Storage for 
Four Days). 
Number of Samples Dose(µSv/h) 
3 0.03-0.08 
4 0.09-0.14 
5 0.15-0.20 
1 0.21-0.26 
1 0.27-0.32 
0 0.33-0.38 
1 0.39-0.44 
0.2 (µSv/h) Average 
 
           4.2.2 Iodine – 131 (I-131) Solid Waste    Measurements of the doses from the I-
131 solid waste at 5cm, 100cm and 50cm from the plastic bags in the day of collection 
are shown in tables (4.6) and (4.7) and (4.8) respectively. 
 
Table (4.6) I-131 Wastes, Reading of Doses at 5 cm Distance, in the Day of Collection. 
 
Doses  (µSv/h) Number of Samples 
200-250 1 
251-301 1 
302-352 2 
353-401 1 
Average 306.6 (µSv/h) 
 
 
Table (4.7) I-131 Wastes, Reading of Doses at 100cm Distance, in the Day of 
Collection. 
Doses  (µSv/h) Number of Samples 
4.0 – 6.0 2 
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6.1 – 8.1 1 
8.2 – 10.2 0 
10.3 – 12.3 2 
Average 7.9 µSv/h 
 
 
Table (4.8) I–131 Wastes, Reading of Doses at 50cm Distance, in the Day of 
Collection. 
 
Doses (µSv/h) Number of Samples 
18.0 – 20.0 1 
20.1 – 22.1 1 
22.2 – 24.2 1 
24.3 – 26.3 2 
Average 22.7 µSv/h 
 
 
   
 After collection the I-131, bags were stored behind lead; Measurements were done to 
check doses of these bags after eighty days (ten half-lives) from the collection day (day 
of disposal) 5cm and 50cm distance were used for measurements. Results are shown in 
table (4.9) and (4.10) respectively. 
 
 
Table (4.9) I-131 Waste, Measurements of Doses at 5cm Distance, after Storage for 
Decay. 
 
Doses (µSv/h) Number of Samples 
1.1 - 1.6 1 
1.7 - 2.2 1 
2.3 - 2.8 1 
2.9 - 3.4 0 
3.5 -  4.0 0 
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4.1 –  4.6 1 
4.7 – 5.2 1 
Average 3.28 µSv/h 
 
 
 
 
 
Table (4.10) I-131 Waste Measurements of Doses at 50cm Distance, after Storage for 
Decay. 
Doses (µSv/h) Number of Samples 
0.015 – 0.055 1 
0.056 – 0.096 1 
0.097 – 0.137 2 
0.138 – 0.178 0 
0.179 – 0.219 1 
Average 0.11 µSv/h 
 
 
 
            4.2.3 Iodine - 131 (I-131) Liquid Wastes.   Measurements were carried out to 
check the doses for liquid waste containing I-131 nuclide (from the isolated rooms) in 
the last tank (on the surface) and on the pipe in the day of disposal as shown below: 
 
 
Table (4.11) I-131 Liquid Waste, Reading of Doses on the Surface of the Last Storage 
Tank in the Day of Release.  
Dose (µSv/h) Number of Samples 
4.20 1 
5.00 2 
15.20 1 
20.00 1 
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Table (4.12) Iodine- 131 Liquid Waste, Reading of Doses on the Pipe which Passes the 
Waste to the General Sewers. 
Dose (µSv/h) Number of Samples 
2.20 1 
2.80 2 
10.5 1 
15.7 1 
 
 
            4.2.4   Measurements at Different Locations in NCRNM. Measurements 
taken down isolated rooms, at the toilet, at patient toilet and at the hall (50 cm) from 
patient waiting room. The doses were shown below respectively: 
 
Table (4.13) Doses down Isolated Rooms. 
Dose (µSv/h) Number of Samples 
0.000-0.050 3 
0.051-0.101 2 
0.102-0.152 4 
0.153-0.203 1 
Average 0.911 (µSv/h) 
          
 
Table (4.14) Doses at the Toilet. 
Dose (µSv/h) Number of Samples 
0.00-0.50 3 
0.51-1.01 4 
1.02-1.52 1 
1.53-2.03 1 
2.04-2.54 1 
Average 0.913 µSv/h 
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Table (4.15) Doses at Patient Toilet. 
 
Doses(µSv/h) Number of Samples 
0.50-1.00 3 
1.10-1.60 3 
1.70-2.20 2 
2.30-2.80 1 
2.90-3.40 1 
Average 1.6 µSv/h 
 
 
Table (4.16) Doses in the Hall (50 cm) Distance from Patient Waiting Room (p.t). 
 
Doses (µSv/h) Number of Samples 
0.5-1.5 4 
1.6-2.6 2 
2.7-3.7 3 
3.8-3-4.8 1 
Average 2.21 µSv/h 
 
 
            4.2.5 Interim Storage at Suba. Around the storage at (1m) distance in the four 
directions measurements were done to check the doses in the area, the doses shown in 
table (4.17) below: 
 
Table (4.17) Doses at (1m) Distance around Interim Storage at Suba in the four                  
Directions 
Direction Dose (µSv/h) Average (µSv/h) 
West 0.69 , 0.71 , 0.79 0.73 
East 3.80 , 3.50 , 2.95 3.65 
North 8.50 , 9.30 , 10.4 9.40 
South 2.50 , 3.10 , 2.98 2.86 
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Inside the container, the doses of Cobalt – 60 sources at (1m) distance from the sources 
are shown in Table (4.18). 
 
 
Table (4.18) Doses of Cobalt - 60 Sources at (1m) Distance inside the Container. 
 
Source Number Place of use The dose(1m) distance from the 
source(µSv/h) 
Co-60 6 RICK 21.0 
Co-60 5 Veterinary researches 2.2 
Co-60 4 Agricultural researches 2.4 
 
 
To the nearest house, (12m) the dose was (0.0653 µSv/h) and at the safeguard room the 
dose was (0.0563 µSv/h), which are around the natural background.  
The radionuclides exist in the storage are: 
Sr-90 ( 2/1T  = 28.8 y), Co-60 ( 2/1T  = 5.27 y), Cs-137 ( 2/1T  = 30.17 y), Ir-192 ( 2/1T  = 
74.2 d), Am-Be (neutron source), Ra-Be (neutron source) and Pu-Be (neutron source).   
Some sealed radiation sources notably Ra-226 ( 2/1T  = 1630 y), Am-241 ( 2/1T  = 433 y) 
and Pu-238 ( 2/1T  = 87.7 y) will normally belong to category two (intermediate-level, 
long lived) and thus require deep underground repositories.  
Cs-137, Sr-90, Co-60 and Ir-192 ( 2/1T  = 74.2 d) are belong to category three (Low 
level, long lived) and thus require shallow ground disposal.  
 
4.3 Calculations 
Calculations of effective doses in the storage and at different locations in NCRNM due 
to radioactive waste releases in nuclear medicine Fig (2.3) are: 
            4.3.1  Hot Lab (1) Tc-99m  Assume that the worker spends in this place (60 
cm) from Tc-99m solid wastes which are located behind lead shield (where the 
technologist prepare the radiopharmaceutical doses) an average of 2 hrs/day, 
2days/week, and 46 weeks/year. 
Average dose rate of Tc-99m from Table (4.3) = 32.5 µSv/h. 
Effective dose = 6.0 mSv/year. 
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            4.3.2 Hot lab (2) I-131 solid waste. Assume that the worker spends in this 
place (60 cm) from I–131 solid wastes which are located behind lead shield (where the 
technologist prepare the radiopharmaceutical doses) an average of 2hrs/day, 3 
days/week, and 46 weeks/year. 
Occupancy time is 276 hrs/year. Average dose of I – 131 from table 4.8 = 22.7 µSv/h. 
Effective dose = 6.27 mSv/year.  
            4.3.3 Places down isolated rooms.  Assume that the workers spend in these 
places (offices) an average of (7 h/day, 6 days/week, and 46 week/year); Occupancy 
time is 1932 hrs/year. Average dose from Table (5.16) = 0.911 µSv/h. 
Effective dose = 1.76 mSv/year. 
            4.3.4 Toilet of Co-patients. Average of dose rate from Table (5.17) = 0.913 
µSv/h.  
The occupancy time per year is 1 hr/day, 7 days/ week, 3 weeks/year = 21 hrs/year. 
Effective dose = 0.02 mSv/year. 
            4.3.5 Patient Toilet. Assume cleaning worker spend in this place average of 
(1/4) h/day, 6 days/week, 46 week/year.  
Occupancy time is 69 hrs. Average dose from Table (5.18) = 1.6 µSv/h. 
Effective dose = 0.11 mSv/year. 
            4.3.6   The Hall   Average dose from table 5.19 = 2.21 µSv/h. 
Assume co-patient spend near this place 6hrs/day, 2 days/month, 3 month/year 
occupancy time is 36 hrs. 
Effective dose = 0.1 mSv/year. Table (4.19) shows the annual dose received by workers 
and co-patients as a result of the radioactive wastes produced in the National Center for 
Radiotherapy and Nuclear Medicine at different locations. 
 
Table (4.19)   Annual Doses Received in Different Locations at NCRNM. 
Location Dose (mSv/year) 
Hot lab (Tc – 99m ) 6.00 
Hot lab (I – 131 ) 6.27 
Places down isolated rooms 1.76 
Toilet of co-patient 0.02 
Patient toilet 0.11 
The hall 0.10 
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            4.3.7 The Effective dose at the safeguard room in the interim storage at 
Suba 
The dose at the safeguard room = 0.0563 µSv/h.  
Assume that he spends 15 hour per day out his room, 7 days per week, 46 weeks per 
year.The occupancy time is 4830 h. 
The effective dose = 0.272 mSv/year. 
            4.3.8 The effective dose to the nearest house to the storage   
The dose to the nearest house = 0.0653 µSv/h. 
Assume a full time per year, so occupancy time = 24 h/day, 7days/week, 51week/year 
(full time). Occupancy time is 8568 h.  
Effective dose = 0.56 mSv/year. 
 
4.4 Discussion 
            In the Interim storage at Suba the waste in the storage was collected difficultly 
from Khartoum state (most of the waste) and other country states, some sources were in 
bad conditions [6]. And some sources were unknown, so tests made to specify the 
nuclides. After that all sources conditioned (for each nuclide the physical and chemical 
properties were considered), radium sources conditioned with the assistant of IAEA 
experts. Also he said that SAEC is well equipped and trainees personnel [6].  
Number of sources in the storage vary (when site visit made, number was 31 sources) 
due to return of some sources back to the supplier, to discovery of old sources which 
have no registry before and new sources.  
The wastes in the storage are classified as (intermediate-level, long lived) and (Low 
level, long lived). 
       About transportation of the waste, there is no especial car for transporting 
radioactive waste as recommended internationally [10] (single purpose car) the car used 
is a box, and the occupational safety steps done is to measure the doses at one meter 
from the source and at distance from the source to the driver and time of exposure is 
considered [17] then transportation complete. 
       The values of the effective doses, at the safeguard room and to the nearest house is 
found to be, 0.272 mSv/y and 0.56mSv/h respectively,  both are less than the national 
and international limits, which is l mSv/ year for the public. The dose to the nearest 
house is safe according to current measurements, but the dose may exceed too much 
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due to the changing of positions of the sources inside the storage at any time for 
different reasons. Also the building must be fenced well. 
       For radium source due to the long half-life of radium (1630 years), the available 
option now is conditioning of the source and interim storage until a repository is 
available or return back to supplier, the source now is conditioned in cement mortar. 
       All sources (except Ra and neutron sources) are of half-life less than 30 years, so 
shallow ground disposal is recommended either for the country alone or shared with 
other neighboring countries, especially there will be extension in the use of 
radioisotopes in different sectors [6]. 
      Measurements were done just to gamma radiation, but routine survey should 
consider the neutrons (with a different device) because neutrons are more danger.  
       Neutron sources were conditioned, and return to the supplier is the available option 
used through SAEC, but this happening gradually. So all neutron sources must be 
return back to the supplier. 
       In National center for radiotherapy and nuclear medicine, most of radioactive 
waste generated at the department of nuclear medicine can be disposed of by storage 
(solid waste I-131 and P-32, Tc-99m), dilution and dispersion to sanitary sewer system 
(I-131 liquid waste), or return the spent material back to the manufacturer or supplier 
(Co-60, Cs-137) directly from the hospital, or after send to the storage at Suba. 
Radiotoxicity of the isotopes used are high radiotoxicity ( I - 131 ), medium 
radiotoxicity ( Mo - 99 ) and low radiotoxicity ( Tc - 99m ). 
Survey monitoring in all nuclear medicine is made just when something wrong happen 
and not routinely.  
In nuclear medicine places down isolated rooms, patient toilet, and the hall and co-
patient toilet doses obtained from radioactive waste measurements were low. 
Use of syringe shields in the hot labs during injection is good practice and 
recommended.  
  Solid waste Tc – 99m:     
       From Table (5.4) and (5.5) the doses measured from the Tc – 99m waste bags after 
four days at distances 5 cm and 50 cm were found to be (5.85 µsv/h) and (0.2 µSv/h) 
Respectively which indicate that the waste activity decreased to the acceptable level for 
disposal after four days of storage.  
       The effective dose (6.0 mSv/year) estimated for the workers in hot lab (1) clearly 
indicate that the Tc-99m is well stored and disposed of. The dose equivalent value (6.0 
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mSv/year) is only for the hands of the workers, this shows that the dose received by 
hands of workers is much less than the national and international limits, which is (500 
mSv/year) as recommended by ICRP [7]. 
       From the measurements in the hot lab, it is shown that the radiation equivalent 
dose (6.0 mSv/year) from the radioactive wastes is not exceeding the nationally and 
internationally set action level (20 mSv/year) [7].  
        The measurements taken at 50cm distance give a result of (0.033 mSv/h) that 
confirms the safety of using lead shield for these bags. That means the dose received by 
the worker's body is negligible due to the existence of these bags behind the lead shield.    
Solid Waste I-131: 
        From Table (5.12) the dose measured from the I – 131  waste bags  at distances 50 
cm was found to be (6.27 mSv/year), which is less than international recommended 
level (20 mSv/year).    
        Enough samples were not available to evaluate the management of iodine waste. 
The work is restricted in three days per week, but this also not regular, some times 
more than month the lab stays locked. 
        The waste in the hot lab of I-131 and P-32 is not regularly collected and disposed 
of, some times the waste left scattered and accumulating as seen in Fig (2.7). 
        The dose equivalent value (6.27 mSv/year) is only for the hands of the workers, 
this shows that the dose received by hands of workers is much less than the national 
and international limits, which is (500 mSv/year). 
        Each type of waste should be kept in separate containers properly labeled to 
supply information about the radionuclide, physical form, activity and external dose 
rate. In hot lab (2) all the wastes (P-32) and (I-131) are collect together without 
segregation (mainly compose of disposal syringe, gloves, soap and cotton). 
This makes the period of disposal (ten half life) is long due to P-32 (14 day).                      
Iodine-131 delay tanks: 
       From Table (4.11) and (4.12) it is clearly shown that the dose on the tank which 
built of concrete fairly high than the dose in the pipe which is just made of PVC, this 
may be due to two reasons: 
a) The permeability of the concrete allows accumulation of (I – 131) 
nuclides in it, which indicates the disadvantage of the use of concrete in 
this work. More study is needed to specify the suitable material.  
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b) The volume in the tank is large and the waste is stagnant compared with 
the           liquid waste passing through the pipe, so the number of photons to 
the survey meter is different due to variation in volume for each and 
movement of the waste in the pipe. 
The proper way to release the waste to general sewers is to steer the waste well [3] to 
avoid accumulation of sludge and iodine, and take a sample to analyze it to get the true 
activity and waste characteristics. 
       Under ground storage tank for radioactive liquid waste is recommended 
internationally, it offers shielding by the earth, If the tanks were under ground but their 
top in the surface of the ground, the shield will be needed just for the one side (on the 
top) and fittings and pipes should be over ground to avoid unseen seepage. The material 
used should not be permeable or at least the tank should be coated well from the inner 
side with special material to avoid seepage.  
The limits accepted for release vary from country to country according to the type of 
nuclide, the activity used, the method of disposal (dilution and dispersion / storage for 
decay), and volume of the waste. The dose 20 µSv/h when discharged to the sewer, 
great dilution happen, so far this will not represent a source of hazard.  
       The volume of the waste is not known or measured, which affect the operating 
system and the patient who are waiting their doses and there is no access for operating 
the system well as seen in Fig (2.12). The management of radioactive liquid waste at 
the department of nuclear medicine is not the ideal way to deal with.  
        With heavy patient work loads and high activity radionuclide therapy treatment 
the discharge of radioactive aqueous waste from NCRNM is increasing. 
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CHAPTER FIVE 
CONCLUSION AND RECOMMENDATION 
 
5.1 CONCLUSION 
        The aim of this thesis was to evaluate the radioactive waste management practices 
in the Sudan, for the purpose of finding ways for improving its management and to 
minimize exposure of ionizing radiation to the public and workers and providing 
protection to human and the environment. But this thesis has faced many difficulties on 
obtaining data needed from the concern bodies. Interviews with NCRNM physicians 
conclude that there are no problems encountered with solid wastes; however, about 
liquid waste the new system is efficient. 
       Safe storage for decay as well as interim storage of conditioned wastes do not need 
special facilities with high technology and shallow land disposal with or without 
engineered barriers is suitable and safe for countries without nuclear power activities 
like Sudan, construction of this disposal facility does not need any high technology, 
yet, site selection, and institutional and regulatory measures should be taken into 
consideration. 
       From the information given in this present work concerning radioactive waste 
management, the following managed to be concluded:  
1. Conditioning of sludge and solid wastes by cement in drums or concrete shells 
is safe, simple and well proven technology for immobilization of low and 
intermediate levels waste [10], in the storage this method used for conditioning 
of Cs-137 and Sr-90 as seen in Fig (2.11). 
2. From the measurements in hot lab (1), it is shown that the radiation doses from 
the radioactive wastes are not exceeding the nationally and internationally set 
action level (20 mSv/year). The dose equivalent value (6.0 mSv/year) is only 
for the hands of the workers, this shows that the dose received by hands of 
workers is much less than the national and international limits, which is (500 
mSv/year). The effective dose estimated for the workers in the hot lab clearly 
indicate that the Tc-99m is well stored and disposed off.  
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3. The waste in the hot lab of I-131 and P-32 is not regularly collected and 
disposed off, some times the waste left scattered and accumulating as seen in 
Fig (2.7), also enough samples were not available to evaluate the management 
of iodine solid waste. 
4. Liquid waste management used in National Center for Radiotherapy and 
Nuclear Medicine is not the ideal one, the proper way to release the waste to 
general sewers is to steer the waste well to avoid accumulation of sludge and 
iodine nuclides, and take a sample to analyze it to get the true activity and waste 
characteristics. 
5. The toilets, hall, and places down isolated rooms, doses from radioactive waste 
measurement were low.  
6. It is important to be aware that treatment processes may result in the production 
of secondary radioactive waste streams (contaminated filters, spent resins, 
sludge and ash), which also need to be appropriately managed. 
5.2 RECOMMENDATIONS 
       The safe management of radioactive waste should ideally be the subject of a proper 
national strategy with an infrastructure that includes appropriate legislation, competent 
regulatory, operational organization and adequately trained personnel. 
Whether radioactivity released within the clearance levels or under authorization, the 
non-radiological hazards of the release must also be considered, and the requirement of 
any regulations governing those hazards should be met. 
            5.2.1 Interim storage at Suba 
1. The houses around the storage with the safe doses they get, must be removed or 
replaced at more far distance to avoid unacceptable exposure or (unexpected 
accidents) to persons who come near the storage passing through, specially 
there is no well fence around the storage. 
2. There must be regular disposal of decayed waste with proper procedure to avoid 
over crowded in the storage as I-125 Fig (2.16). 
3. Regular measures of all types of ionizing radiations in and around the storage 
are needed. 
4. Underground repository is recommended, either for the country or shared with 
neighboring .countries especially there will be extension in the use of 
radioisotopes in different sectors. 
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5. Spent sealed sources should be kept under shielding. Containers should be 
checked for radioactive contamination; loose contaminating material should be 
removed before containers are reused. 
6. Characterization of radioactive waste in terms of activity, radionuclide content , 
physical and chemical from, and associated hazards can be achieved by a 
combination of quality assurance (records of radionuclide inventory , activity 
decay, composition of materials used , etc) and direct measurement techniques . 
Waste of unknown origin and composition will require detailed analysis. This 
may be complex and expensive. 
7. Measurements were done just to gamma radiation, but routinely survey should 
consider other types of radiation especially neutrons (there is many neutron 
sources in the storage) because neutrons are more harmful.      
8. The storage must be fenced well to restrict the area and to minimize the dose 
out side. 
            5.2.2 In nuclear medicine at NCRNM 
1. For Iodene-131 liquid waste, underground storage tanks are recommended, 
because the system include only tow tanks with capacity of one meter cube for 
each, which is not enough to satisfy the number of patient (many patients are 
delayed) so alternatives of increasing the number of tanks or the capacity are 
available. 
2. The area should be well selected and the storage tanks (and the area around) are       
easy for decontamination. 
3. There must be record keeping for each discharge to the sewer system (there is 
no record document for the release to the general sewer system). 
4. Routine survey for beta and gamma rays should be maintained. 
5. The generators used in hot lab (1) should be stored in a good place or container.  
6. Documentation and records shall include details of items such as: 
An inventory of radioactive waste and appropriate record of radioactive waste 
removed or discharged from the facility; site plans and relevant engineering 
drawings and specifications; data resulting from quality assurance and quality 
control procedures and from operating activities and effluent and environmental 
monitoring results, radioactive waste package identification and disposal facility 
closure data.  
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7. When operating a system of area classification it is necessary to survey the area 
regularly in order to confirm that the classification of the area is correct and that 
adequate precautions are being taken. In controlled and restricted areas, Thermo 
Luminexent Dosimeters" TLD" must be wore to measure the accumulated dose 
to the worker. 
8. Radiation survey monitoring must be carried out routinely, during operation , to 
determine the working radiation levels in order to control accumulated dose. 
9. The ideal radiation survey monitor should be capable of monitoring all forms of 
penetrating radiation. 
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APPENDIX (A) 
 
Isotope Emitted particle Half-life 
Americium-241 Alpha 433 yr 
Americium-243 Alpha 7370 yr 
Bismuth-210 Beta 5 d 
Carbon-14 Beta 5730 yr 
Curium-245 Alpha 8500 yr 
Cobalt-60 Beta  5.27 yr 
Cesium-135 Beta 3×106 yr 
Cesium-137 Beta 30.17 yr 
Tritium-3 Beta 12.33 yr 
Lodine-129 Beta 1.6×107 yr 
Krypton-85 Beta 10.7 yr 
Neptunium-237 Alpha 2.14×106 yr 
Protoactinium-234 Beta 6.8 hr 
Lead-210 Beta 22.3 yr 
Polonium-210 Alpha 138.4 d 
Plutonium-239 Alpha 24000 yr 
Plutonium-240 Alpha 6570 yr 
Radium-226 Alpha 1630 yr 
Radon-222 Alpha 3.82 d 
Tin-126 Beta Ca ×105 yr 
Strontium-90 Beta 28.8 yr 
Technetium-99 Beta 2.14×105 yr 
Thorium-230 Beta 80000yr 
Uranium-234 Alpha 2.45×105 yr 
Uranium-235 Alpha 7.04×108 yr 
Uranium-238 Alpha 4.47×109 yr 
Xenon-133 Beta 2.25d 
 
Table (A.1): Some common radioisotopes often concerned with environmental 
pollution, with their half-life time [2]. 
 91
 
 
 
 
 
 
 
 
 
APPENDIX (B) 
29 
 
  ﺑﺴﻢ اﷲ اﻟﺮﺣﻤﻦ اﻟﺮﺣﻴﻢ
  وﺣﺪة اﻟﻨﻔﺎﻳﺎت اﻟﻤﺸﻌﺔ
  ﺳﺠﻞ ﻣﺼﺪر ﻣﺸﻊ ﻣﺴﺘﻨﻔﺬ
  
  
  
      4002/70/70اﻟﺘﺎرﻳﺦ                 oN:...............رﻗﻢ اﻟﻤﺼﺪر 
  :............رﻗﻢ اﻟﺒﺮﻣﻴﻞ  
  
  
  
    اﻟﻨﻮﻳﺪة   1
    اﻟﺘﺄآﺪ ﻣﻦ اﻟﻨﻮﻳﺪة   2
    دوﻟﺔ اﻟﺘﺼﻨﻴﻊ   3
    اﻟﺸﺮآﺔ اﻟﻤﺼﻨﻌﺔ   4
    ﻓﻲ اﻟﺴﻮدان اﻟﺠﻬﺔ اﻟﻘﺎدم ﻣﻨﻬﺎ   5
    ﺗﺎرﻳﺦ إﺳﺘﻼم اﻟﻤﺼﺪر   6
    اﻟﻨﺸﺎط اﻹﺑﺘﺪاﺋﻲ   7
    ﺗﺎرﻳﺦ ﻗﺮاءة اﻟﻨﺸﺎط اﻹﺑﺘﺪاﺋﻲ   8
    اﻟﻨﺸﺎط اﻹﺷﻌﺎﻋﻲ ﺣﺎﻟﻴﺎ   9
    اﺧﺘﺒﺎر اﻟﺘﺴﺮب   01
    اﻟﻘﺮاءة ﻋﻠﻰ اﻟﺴﻄﺢ   11
    اﻟﻘﺮاءة ﻋﻠﻰ ﺑﻌﺪ ﻣﺘﺮ   21
    ﻃﺮﻳﻘﺔ اﻹﺳﺘﺨﺪام   31
    اﻟﺮﻗﻢ اﻟﻤﺘﺴﻠﺴﻞ   41
  
  
  
  
   ....................-: اﻟﺘﻮﻗﻴﻊ 
  
  .egarots eht dehcaer neeb sah ti ecnis ecruos hcae rof desu mrof A )1.B( giF
 
 
Table (2.8) Inventory of radioactive waste which exist in the interim storage at Suba 
 
 
Drums 
Number 
    Source type Reading 
From 
  (1m) 
Surface 
Dose 
Leaka
ge  
Test 
Date of  
Initial  
Radioa- 
ctivity 
Initial 
Radioa- 
ctivity 
Delivery 
Date 
Institute Country 
of origin 
Nuclide 
 Soil moisture - - Null 11/8/1980 5*104 28-3-01 RICK USSR Pu-Be 
 Soil moisture 
brobe 
7 µSv/h 110 µSv/h Null - - 28-3-01 RICK England Un- known 
SD-3 Medical source No reading 158 cps Null 21/5/1962 60 mCi 28-3-01 RICK USA Sr-90 
SD-3 Medical source No reading 15 cps Null 4/4/1975 1.5mCi 28-3-01 RICK USA Sr-90 
SD-3 Medical source No reading 0.77 µSv/h Null - 100 mCi 28-3-01 RICK - Cs-137 
 Medical source 0.3 µSv/h 1.7 µSv/h Null 9/9/1965 - 28-3-01 RICK UK Co-60 
 Radiochemical No reading 1.9 µSv/h Null - - 28-3-01 RICK UK Co-60 
SD-3 Medical source 5 cps 94 µSv/h Null - - 28-3-01 RICK UK Sr-90 
SD-3 Medical source 9 cps 1.65 Kcps Null - - 28-3-01 RICK - Sr-90 
SD-3 Medical source 55 µSv/h 600 µSv/h Null 23/9/1984 375mCi 28-3-01 RICK UK Cs-137 
  Calibration 
source 
- 10 µSv/h Null -/2/1977 10 mCi 28-3-01 RICK UK Sr-90 
 Medical source No reading 2.13 µSv/h Null - - 28-3-01 RICK - Co-60 
SD-3 Medical source 149 µSv/h 1.04 mSv/h Null - - 28-3-01 RICK - Cs-137 
SD-3 Soil moisture 2.7 µSv/h 88 µSv/h Null - 50 mCi 28-3-01 RICK - Cs-137 
 Industrial 
source 
1.6 µSv/h 11.4 µSv/h Null - 100m Ci  ARC Nether 
land 
Ir-192 
 
 
 
 
 
 
Table (2.8) Inventory of radioactive waste which exist in the interim storage at Suba continue 
 
 
 
 
 
Drums 
Number 
    Source type Reading 
From 
  (1m) 
µSv/h          
Surface 
Dose 
µSv/h          
Leakage  
Test 
Date of  
Initial  
Radioa- 
ctivity 
Initial 
Radioa- 
ctivity 
Delivery 
Date 
Institute Country 
of origin 
Nuclide 
 Industrial source 1.05 3.5 Null - 140mCi - Custom France Ir-192 
SSD-3 Densitometer 6.3 110 Null 19/12/1989 8mCi - ARC  USA Cs-137 
 Neutron moisture 432 2057 Null 13/8/1973 3000mci 31/3/01 **** - Am-Be 
 Neutron moisture 245 1.8*10^3 Null 13/8/1973 3000mci 31/3/01 **** - Am-Be 
 Neutron moisture 6.8 14 Null 3/11/1982 10Ci 5/6/01 ARC USA Am-Be 
 Neutron moisture 6.5 15 Null 3/11/1982 10mCi 5/6/01 ARC USA Am-Be 
 Soil moisture  9.9 496 Null 9/11/1965 4mCi 5/6/01 ARC USA Ra-Be 
 Soil moisture 25 257 Null  100mCi 5/6/01 ARC USA Am-Be 
 Soil moisture 50 306 Null  300mCi 5/6/01 ARC USA Am-Be 
 Soil moisture 23 350 Null 3/7/1965 110mCi 5/6/01 ARC USA Am-Be 
 Soil moisture 6 16 Null 3/6/1987 10mCi 5/6/01 ARC USA Am-Be 
 Soil moisture 6 17 Null 24/2/1991 10mCi 5/6/01 ARC USA Am-Be 
 Soil moisture 
brobe 
10 75 Null 29/4/1997 714CPS 31/3/01 **** England Am-Be 
 Soil moisture - Very 
week 
Null - - 5/6/01 ARC USA Am-Be 
  
RADIOTOXICITY 
                            
 
                                                   
                             Class A. Very high                                                     Class C. Medium                       
                             e.g. Am- 241, Cf- 252                                                      e.g.    C- 14, F- 18, P- 32, Cr-51, 
                                                                                                                           Co- 57, Ga- 67, Se-75, Mo-99,  
                                                                                                                           In-111, 1-123, Au-198, TL- 201                   
                                                                                                                 
                                                                                                                                                                                                
                          Class B. High                                                              Class D. LoW                                    
                                                                                            
                           e.g.    Na-22, Ca-45, Mn-54,                                               e.g.   H-3, C-11, N-13, O-15 
      Co-60, Sr-89, 1-125, 1-131                                                  Tc-99 m, Xe- 133 
                                                            
                      
Fig (2.2)   Radio toxicity of some radio nuclides [2] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1-waiting hall           9- Hot lab 1 
2-Path       10- Block shield 1 
3- Statistic office                                                                       11- Injection room 
4- Doctor               12- Gamma camera A 
5-patient waiting room after injection                 13- Gamma camera B 
6- Hot lab 2                                                                               14- Gamma camera C 
7-Mitron office         15- patient Toilet 
8-Block shield 2                      16- Toilet 
 
Fig (2.3) Block diagram for unclear medicine department 
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